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ABSTRACT 
Background and aims 
Low back and knee pain are common and often cause discomfort and disability as well 
as burdening the health care services. Previous studies have highlighted the signifi-
cance of adults’ lifestyle factors as factors determining musculoskeletal health and dis-
ability retirement (DR). Chronic musculoskeletal disorders tend to develop over long 
time periods, suggesting an importance of early-life exposures in disease onset. How-
ever, there is insufficient understanding of early indicators of knee and low back prob-
lems as well as those predicting DR. Furthermore, it is not known whether there is an 
optimal time window for prevention of these disorders.  
The main aim of this thesis was to fill the gaps in knowledge on the role of early 
health-related and lifestyle factors in musculoskeletal health and permanent work dis-
ability by applying a life course approach and examining the impact of obesity and 
other lifestyle factors on back and knee problems over time. Furthermore, time trends 
in seeking medical advice during military service were explored. Finally, it was tested 
whether seeking medical advice could be a potential indicator for later DR.  
 
Material and methods 
The study base comprised a nationally representative random sample of 2843 men 
aged 18-50 years, living in mainland Finland and alive on 1 July 2000. The military 
records of these men were searched from the register of the Finnish Defence Forces, 
with 2639 (93%) being identified. The military records were linked with data from the 
Health 2000 Study and retirement data from the national registers of the Social In-
surance Institution (SII) and the Finnish Centre for Pensions (FCP). Study I assessed 
temporal trends in seeking healthcare during military service over a 40 year period. 
Studies II-IV applied a longitudinal design, with pre-military health examinations and 
healthcare visits during military service as baseline information and the Health 2000 
Study (Studies II, III) and national registers (Study IV) providing information for the 
follow-up.  
Due to the different aims, the populations of the four studies included in the thesis 
had varying inclusion and exclusion criteria. Baseline data consisted of information 
from military records (measured weight and height, self-reported smoking and physi-
cal activity, health care visits, interruption of military service and its cause). The 
Health 2000 Study provided weight-related measures at follow up and during life 
course, information on low back and knee symptoms and disorders, as well as infor-
mation on other lifestyle and health-related factors. Data on all DR events and their 
main and secondary diagnoses were obtained from the national registers of SII and 
FCP.  
 
Results  
During the four decades of the study period i.e. 1967-2006, there has been a marked 
increase in healthcare seeking due to any reason as well as due to musculoskeletal 
problems among Finnish conscripts. No specific reason for the steady increase in 
Abstract 
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healthcare seeking was detected. The majority of conscripts visited healthcare at least 
once due to MSDs during their compulsory military service, most frequently due to 
problems in the lower extremities and the lower back. There was a tripling in the pro-
portion of men seeking medical advice about a mental problem or due to both mental 
and musculoskeletal problems at least once during their military service if the inci-
dence in 1967-1976 was compared to 1987-1996.  
The longitudinal analyses revealed that both baseline and life course BMI predicted 
one-month radiating low back pain (LBP), knee pain as well as functional limitations 
due to a knee problem at follow-up. Men who were borderline obese at baseline and 
became severely obese during the follow-up exhibited an increased risk of  developing 
radiating LBP and experiencing functional knee limitations, while the risk of knee pain 
was increased already for those who had normal BMI at baseline and became over-
weight during follow-up. No clear associations were seen for non-specific LBP or clin-
ically defined low back outcomes. Smoking and physical activity were not associated 
with either low back or knee outcomes. 
Baseline borderline obesity doubled the risk of both traumatic and non-traumatic 
knee injuries during military service. The association of baseline borderline obesity 
with functional limitations due to knee problems in the follow-up was reduced when 
those visits due to knee problems after an accidental injury during military service 
were entered in the model, suggesting a mediating role of these accidental knee inju-
ries in knee functioning.  
In the cross-sectional analyses at follow-up, both general and abdominal obesity 
were associated in a similar manner with radiating LBP and unilateral knee pain. In 
contrast, neither general nor abdominal obesity was associated with non-specific LBP 
or clinically defined low back outcomes. Functional limitations of the knee were asso-
ciated with general, but not with abdominal, obesity. 
Men who did not complete military service had a clearly higher cumulative inci-
dence of DR, particularly due to mental disorders, in comparison with their counter-
parts who completed military service. Visiting military health care due to both muscu-
loskeletal and mental problems clearly increased the overall risk of DR, in particular 
DR due to mental disorders.  
 
Conclusions 
The results of this thesis suggest that in men, health behaviours in early adulthood as 
well as during life course, increase the likelihood of low back and knee problems, func-
tional knee limitations and work disability later in life. Adolescence and young adult-
hood seem to be a critical period for the development of adult male musculoskeletal 
health. The findings point to a mediating role of traumatic knee injuries suffered dur-
ing military service with the development of a knee disability in overweight men, thus 
providing further support for mechanical pathways in the aetiology of knee function-
ing. 
It is important to prevent traumatic and over-exertion injuries in the lower extrem-
ities during military service. Health-related problems, particularly mental ones, in 
early adulthood are important predictors of DR. In particular, the comorbidity of mus-
culoskeletal and mental problems in late adolescence seems to be detrimental for fu-
ture work ability.  
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Encouraging young people from becoming overweight and avoiding further weight 
gain during the life course may prevent radiating LBP as well as knee pain and associ-
ated disability. Call-up examinations and follow-up of visits to military healthcare pro-
vide access to the entire age cohort of males. On these occasions, those individuals at 
risk for work disability can be identified and early preventive measures initiated. Risk 
indicators should be identified and preventive measures initiated also in school 
healthcare as well as in occupational health services in those young adults entering 
working life. 
Tiivistelmä 
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TIIVISTELMÄ 
Tausta ja tavoitteet 
Alaselkä- ja polvikipu ovat yleisiä oireita ja aiheuttavat usein haittaa, terveyspalvelujen 
käyttöä ja työkyvyttömyyttä. Aikaisemmat tutkimukset ovat korostaneet aikuisten elä-
mäntapatekijöiden merkitystä tuki- ja liikuntaelinterveydelle (TULE) ja työkyvyttö-
myyseläkeriskille. Krooniset TULE-vaivat näyttävät kehittyvän pidemmän ajan kulu-
essa, mikä saattaa viitata elämän varhaisten vaiheiden elinympäristö- ja elintapateki-
jöiden merkitykseen sairauksien synnyssä. Kuitenkin ymmärrys polvi- ja selkäongel-
mien sekä työkyvyttömyyseläkkeiden varhaisista indikaattoreista on puutteellinen. 
Emme myöskään tiedä, missä elämän vaiheessa ehkäisytoimenpiteet olisivat tehok-
kaimpia.  
Tämän väitöskirjatyön pääasiallisena tavoitteena oli selvittää varhaisten terveyteen 
ja elämäntapoihin liittyvien tekijöiden merkitystä liikuntaelinten terveydelle ja työ-
kyvyttömyydelle käyttäen elämänkaareen pohjautuvaa lähestymistapaa. Tavoitteen 
saavuttamiseksi selvitettiin lihavuuden ja muiden elämäntapatekijöiden yhteyksiä 
myöhempiin polvi- ja selkävaivoihin. Väitöskirjatyössä tutkittiin myös varusmiespal-
velun aikaisen terveyspalvelujen käytön muutoksia ajassa. Lisäksi selvitettiin terveys-
palvelujen käytön merkitystä myöhemmän työkyvyttömyyseläkkeen ennustajana.  
 
Aineisto ja menetelmät 
Tutkimuksen lähdeväestö koostui kansallisesti edustavasta Terveys 2000 -tutkimuk-
sen satunnaisotoksesta, johon kuului 2843 Manner-Suomessa asuvaa 1.7.2000 elossa 
olevaa 18-50 vuotiasta miestä. Asevelvollisuustiedot löytyivät Puolustusvoimien arkis-
tosta 93 %:lle. Nämä tiedot yhdistettiin Terveys 2000 -tutkimuksen tietoon sekä Kan-
saneläkelaitoksen (KELA) ja Eläketurvakeskuksen (ETK) eläkerekisteritietoihin. En-
simmäisessä osatutkimuksessa arvioitiin varusmies-palvelun aikaisen terveyspalvelu-
jen käytön muutoksia 40 vuoden aikana käyttäen Puolustusvoimien Asevelvollisuus-
rekisterin sairaskertomustietoja. Tutkimukset II-IV sovelsivat pitkittäistä tutkimus-
otetta käyttäen asevelvollisten terveystarkastuksia lähtötilanteena ja Terveys 2000 -
tutkimusta (tutkimukset II, III) ja kansallisia rekistereitä (IV) seurantana. Lähtötilan-
teessa asevelvollisilta oli mitattu pituus ja paino ja kysytty tupakoinnista ja liikunnan 
harrastamisesta. Puolustusvoimien rekistereistä selvitettiin vastaanottokäynnit ja nii-
den syy sekä mahdollinen palveluksen keskeyttäminen ja sen syy. Terveys 2000 -tut-
kimuksessa mitattiin pituus, paino ja vyötärön ympärys ja kysyttiin painon kehityk-
sestä seurannan aikana. Lisäksi kerättiin tietoa selkä- ja polvioireista sekä liikunta-
elinten toimintakyvystä. Kelan ja ETKn kansallisista eläkerekistereistä saatiin tieto 
kaikista työkyvyttömyyseläke-tapahtumista diagnooseineen. 
 
Tulokset 
Tutkimuksen neljän vuosikymmenen aikana, vuosina 1967-2006, suomalaisten varus-
miesten terveyspalvelujen käyttö, sekä yleensä että tuki-ja liikuntaelinongelmien 
vuoksi, on lisääntynyt huomattavasti. Mitään yksittäistä syytä tälle tasaiselle nousulle 
ei todettu. Enemmistö varusmiehistä hakeutui vastaanotolle TULE-ongelmien vuoksi 
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vähintään kerran varusmiespalvelun aikana, useimmiten alaraaja- tai selkäongelmien 
vuoksi. Mielenterveys- tai sekä mielenterveys- että tuki-ja liikuntaelinongelmien 
vuoksi vähintään kerran vastaanotolle hakeutuneiden osuus kolminkertaistui ajanjak-
sojen 1967-1976 ja 1987-1996 välillä. 
Pitkittäisanalyysit osoittivat, että sekä kutsunta-aikainen että elämänaikainen pai-
noindeksi ennustivat myöhempää säteilevää selkäkipua, polvikipua ja polven toimin-
tarajoitteita. Nuorena lievästi ja myöhemmin vaikeasti lihavilla oli lisääntynyt säteile-
vän alaselkäkivun ja polven toimintarajoitteiden riski. Polvikivun riskiä lisäsi jo ylipai-
non kehittyminen lähtötilanteessa normaalipainoisille. Ylipaino tai lihavuus eivät ol-
leet yhteydessä epäspesifiseen selkäkipuun tai lääkärin toteamiin selkäsairauksiin. 
Myöskään tupakointi tai liikunnan harrastaminen eivät olleet yhteydessä selkä- tai 
polviongelmiin.  
Lihavuus kaksinkertaisti sekä tapaturmaisten että ei-tapaturmaisten polvivammo-
jen riskin varusmiespalvelun aikana. Lihavuus oli yhteydessä myös polven myöhem-
pään toimintarajoitteeseen. Tämä yhteys heikkeni, kun malliin lisättiin terveyspalve-
lun käyttö tapaturmaisen polviongelman vuoksi, viitaten siihen, että tapaturmat välit-
tivät lihavuuden ja polven toimintarajoitteiden yhteyttä. Poikkileikkausasetelmassa 
sekä seurantahetken yleinen (painoindeksi) että keskivartalolihavuus olivat yhtey-
dessä säteilevään alaselkäkipuun ja toispuoliseen polvikipuun. Toisaalta yleinen tai 
keskivartalolihavuus eivät olleet yhteydessä epäspesifiseen selkäkipuun eivätkä lääkä-
rin toteamiin selkäsairauksiin. Polven toimintarajoitteet olivat yhteydessä yleiseen li-
havuuteen mutta eivät keskivartalo-lihavuuteen. 
Varusmiespalvelun keskeyttäneillä oli selkeästi lisääntynyt työkyvyttömyyseläkkei-
den riski, erityisesti mielenterveysongelmista johtuen. Myös hoitoon hakeutuminen 
varuspalvelun aikana sekä liikuntaelinten että mielenterveysongelmien vuoksi lisäsi 
selvästi työkyvyttömyyseläkkeen riskiä yleisesti – ja etenkin mielenterveyssyistä. 
 
Johtopäätökset 
Väitöskirjan tulokset viittaavat siihen, että terveyskäyttäytyminen varhaisessa ai-
kuiselämässä ja elämän aikana lisää myöhempien alaselkä- ja polvikipujen, polven toi-
mintarajoitteiden ja työkyvyttömyyseläkkeen todennäköisyyttä. Nuoruus ja varhainen 
aikuisikä näyttävät kriittisiltä ajanjaksoilta miesten aikuisiän liikuntaelinten tervey-
den kehittymiselle. Tulokset viittaavat siihen, että varusmiespalvelun aikaiset tapatur-
maiset polvivammat toimisivat välittäjinä ylipainoisten miesten polven toimintara-
joitteiden synnyssä korostaen mekaanisten tekijöiden merkitystä.  
Alaraajojen tapaturmien ja rasitusvammojen ehkäisyn tulisi jatkossakin olla pai-
nopistealue varusmiespalvelun aikana. Terveyteen liittyvät ongelmat, etenkin mielen-
terveysongelmat, varhaisessa aikuiselämässä ovat työkyvyttömyyseläkkeen tärkeitä 
ennustavia tekijöitä. Erityisesti samanaikaiset tuki-ja liikuntaelinten ja mielentervey-
den ongelmat myöhäisnuoruudessa näyttävät ennustavan työkyvyttömyyttä. 
Ylipainon ehkäisy nuoruudessa ja lisäpainon kertymisen välttäminen aikuiselämän 
aikana saattavat ehkäistä säteilevää alaselkäkipua, polvikipua ja siihen liittyvää toi-
mintakyvyn vajavuutta. Kutsuntatarkastusten ja varusmiespalvelun aikaisten tervey-
denhuoltokäyntien avulla on mahdollista seurata kokonaisia nuorten miesten ikäluok-
kia, jolloin työkyvyttömyyttä uhkaavat tekijät voidaan tunnistaa ja ryhtyä ehkäiseviin 
Tiivistelmä 
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toimiin. Riskitekijät tulisi tunnistaa ja niihin pyrkiä vaikuttamaan myös koulutervey-
denhuollossa ja työterveyshuollossa niiden nuoren aikuisten kohdalla, jotka ovat siir-
tymässä työelämään. 
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1 INTRODUCTION 
Musculoskeletal diseases (MSDs) as well as mental disorders are prevalent health 
problems; they cause discomfort, and disability and consume health care resources 
(March et al. 2014, Wittchen et al. 2011, Woolf et al. 2010). In addition to personal 
suffering, they pose a major burden to societies all around the world (European 
Commission 2007, Murray et al. 2012, Vos et al. 2012). Mental and behavioural prob-
lems together with musculoskeletal conditions are responsible for nearly 45% of years 
lived with disability (YLD) in the world (Hoy et al. 2015). Major depressive disorder 
and low back pain (LBP) have been estimated as the two top-ranking causes of YLDs 
in the Global Burden of Disease Studies in 1990 and 2010 (Vos et al. 2012). In addition 
to the economic and social consequences, an individual’s premature departure from 
paid employment can be detrimental to his/her health (Waddel and Burton 2006). 
MSDs and mental diseases are the two most prominent causes of DR in the Western 
countries (OECD 2010). The incidence of DR due to mental disorders increased in Fin-
land and in other parts of Europe during the 1990s (Järvisalo et al. 2005a, OECD 2010, 
Salminen et al. 1997). Since the mean age when people with mental disorders move to 
DR is relatively low, this translates into long durations of disability pensions (DPs), 
and thus these types of pensioners make up the largest group of disability retirees. 
Indeed, mental disorders accounted for 30-40% of all disability benefits among OECD 
member states (OECD 2015). 
Various factors experienced during early life and then later throughout the life 
course may affect the risk of later symptoms, disease and disability (WHO and 
International Longevity Centre - UK 2000). Musculoskeletal and mental symptoms 
are prevalent already in young people; these have shown increasing secular trends 
(Collishaw 2015, Hakala et al. 2002). However, more information is needed to clarify 
the long-term consequences of symptoms and health behaviour in early adult life and 
during life course.  
Military defence in Finland is based on the civic duty of military service, thus the 
Finnish Defence Forces have relied on universal male conscription since 1922. Oblig-
atory conscription call-ups are organised annually in the autumn and they apply to all 
males with Finnish citizenship who turn 18 during that year. During the call-up, the 
young men found to be fit for service are conscripted for military service during the 
next few years. The participation rate in Finnish military service is far higher than in 
other countries (Siilasmaa et al. 2010); therefore conscripts comprise an excellent 
population for epidemiological studies. The call-up for obligatory military service in-
cludes a health examination and this offers an outstanding opportunity to reach out to 
an entire age cohort of males for the very last time after they have left school. Young 
men attending military service are relatively healthy and represent well the young 
male population. About 80% of male age cohorts complete their military service, alt-
hough there is a declining trend (Parkkola 1999, Siilasmaa et al. 2010).  
  
1  Introduction 
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Mid-life determinants of musculoskeletal and mental problems have been widely 
studied. However, effective prevention would benefit if there was knowledge of modi-
fiable risk factors present earlier in an individual’s life. To fill this knowledge gap, this 
thesis has undertaken life course studies, taking advantage of the Finnish nationwide 
registers, with data linkage from different stages of life.  
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2 REVIEW OF THE LITERATURE 
2.1 LIFE COURSE APPROACH 
The life course approach was first used in the 1960s to forecast future adult health on 
the basis of early life socio-economic and developmental factors (Wadsworth et al. 
2003). Later it became evident that exposure during the life course and its interaction 
with experience and conditions during childhood influence health, morbidity and gen-
eral functioning. Thus, it is important to assess risk behaviours, to identify protective 
factors and to evaluate environmental exposure from several periods of life when an-
alysing complex processes of disease epidemiology (Yu 2006). Chronic diseases, not 
only cancers but also several MSDs, develop very gradually, which means that there 
are long time intervals between exposure, disease initiation and clinical diagnosis. This 
suggests that exposures occurring early in life play a role in initiating disease processes 
before there are any evident pathological signs of the disease (Lynch and Smith 2005). 
Moreover, many risk factors for chronic disease (e.g. body weight-related measures) 
have their own natural history, stressing the importance of time in monitoring the de-
velopment of chronic disease (Kuh and Ben-Schlomo 2004). The life course approach 
examines an individual's life history e.g. it can evaluate how early life events (e.g. 
weight gain/traumas) influence later life events (e.g. knee pain). A life course perspec-
tive to chronic disease epidemiology demands an interdisciplinary framework and 
places the emphasis on early intervention.  
Life course epidemiology has been defined as ‘the study of long term effects on later 
health or disease risk of physical or social exposures during gestation, childhood, ad-
olescence, young adulthood and later life’ (Kuh and Ben-Schlomo 2004). It seeks to 
elucidate the underlying biological, behavioural and psychosocial processes that oper-
ate across the life span and even over generations, to influence the development of 
disease risk. In particular, one aim is to study how early life factors combine with later 
life factors and the approach seeks to identify risk and protective processes throughout 
the life course (Kuh et al. 2003). 
Two main models (critical period and accumulation of risk models) have been de-
veloped (Ben-Shlomo and Kuh 2002, WHO and International Longevity Centre - UK 
2000) (Table 1).  
Critical period models refer to crucial times in development, when a risk factor can 
influence health in later life. These can be divided into two subgroups: 1a) A model, 
where an exposure acting during a specific period has lasting or lifelong effects, for 
example, poor growth in utero can lead to the individual developing cardiovascular 
disease. 1b) The second subgroup is an extension of the first subgroup with several 
interrelated exposures acting during critical time periods, possibly involving effect 
modifiers.  
Accumulation of risk models focus on the importance of exposure over time and 
the sequence of exposure. 2a) A model with uncorrelated risk factors, the effects of 
which will accumulate over time. 2b) Other types of accumulation of risk models are 
those with correlated risk factors (clustering, chains or pathways of risk). In real life, 
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risk factors are often clustered. An example of this type of clustering would be a person 
with a sedentary life style, who becomes obese and develops knee OA later in life. 
The life-course approach to studying the aetiology of chronic disease is thus not 
simply a collection of longitudinal data or the use of a particular study design or ana-
lytical method. Rather, it is an academic framework that creates hypotheses and tests 
the possibilities of theoretical models to identify pathways linking exposure across life 
course to later life health outcomes (Kuh et al. 2003). 
As many factors associated with MSDs in adult life are present already in children 
and adolescents, it is clear that epidemiological studies exploiting a life course per-
spective are needed if one wishes to understand the development of MSDs and their 
related disabilities (Dunn et al. 2013). 
 
Table 1. Life course risk models 
Critical period models (Main focus on the timing of exposure) 
 a) Unrelated exposures without effect modifiers 
 b) Interrelated exposures, of which one can act as an effect modifier 
Accumulation of risk models (Main focus on the dose of exposures over time) 
 a) Independent and uncorrelated risk factors 
 b) Correlated risk factors (clustering, chains or pathways of risk) 
Adapted from Kuh and Ben-Schlomo 2004 and WHO and International Longevity Centre - UK 2000.  
2.2 DEFINITION AND ASSESSMENT OF OBESITY 
The word overweight implies that a person has too much body fat. The most commonly 
used measure to describe weight status in both epidemiological studies and health pro-
motion is the body mass index (BMI). An individual’s BMI is the ratio of height in 
meters and the square of the weight in kilograms (BMI = kg/m2). It is an easy obtain-
able proxy for thinness and fatness. In adults, the World Health Organization (WHO) 
defines underweight as BMI < 18.5 kg/m2, normal weight as 18.5-24.9, and overweight 
as 25.0–29.9 kg/m2 and obesity as ≥30 kg/m2 (WHO 1995). In children, other cut-off 
points are used (Cole et al. 2000, Kuczmarski et al. 2000, Monasta et al. 2011). The 
cut-off points of BMI recommended by WHO are based on increased risks of non-com-
municable diseases (WHO 2000). 
Nonetheless, the application of BMI as a measure of obesity has several limitations, in 
particular, criticisms have been raised against its inability to reliably distinguish fat 
from lean body mass (Rothman 2008, Snijder et al. 2006, Wellens et al. 1996). The 
higher proportion of muscle mass in men compared to women is not reflected in the 
BMI values or cut-off points, thus contributing to gender differences in BMI’s ability 
to detect adiposity. BMI does not distinguish between different distributions of excess 
fat mass, which might have different impacts on health. Indeed, especially the im-
portance of abdominal adiposity on cardiovascular health was recognised as early as 
1947 (Vague 1947). Furthermore, a meta-analysis of studies assessing the performance 
of BMI to detect body adiposity concluded that owing to its low sensitivity, the use of 
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the current BMI cut-off values fails to detect excess adiposity in many individuals 
(Okorodudu et al. 2010). 
In order to address the above mentioned problems, other means of assessing obe-
sity have been developed. Measuring waist circumference (WC) is a simple method to 
assess the extra fat mass around the abdomen. WC may be a better measure of obesity 
than BMI (Snijder et al. 2006), but relatively few studies have assessed the association 
of measures of abdominal obesity with MSDs.  
Waist-to-hip ratio is a valid measure for predicting weight- related disease, but it has 
been less widely applied because it involves two measurements and measuring hip cir-
cumference may be more difficult than measuring waist circumference alone (WHO 
2011). The waist-to-height ratio has been shown to be a good predictor of obesity-re-
lated cardiovascular risk (Schneider et al. 2010), although it has been rarely used in 
studies evaluating the association of obesity with health-related outcomes. 
Measurement of skinfold thickness is another anthropometric measure of adiposity 
used in fieldwork. Bioelectric impedance analysis is the most advanced method rou-
tinely exploited in both routine clinical and epidemiological research; in this technique 
a small, imperceptible, safe electric current passes through the body, measuring the 
resistance. (Hu 2008). The current faces more resistance passing through fat than it 
does passing through lean body mass or water. Equations are available to estimate 
body fat percentage and lean mass. 
2.3 OVERWEIGHT AND OBESITY TRENDS 
Worldwide obesity has increased by more than 50% since 1980 such that in 2014 al-
most four out of every ten adults were overweight (WHO 2015). In the OECD coun-
tries, over half of the adult population are overweight or obese (OECD 2014). In Fin-
land, 62% of men and 50% of women older than 20 years are overweight or obese (Ng 
et al. 2014). In global terms, overweight and obesity have been estimated to be respon-
sible for 4% of disability-adjusted life-years (Lim et al. 2012). The global obesity epi-
demic now affects most populations already in childhood and impacts on children’s 
wellbeing and health, e.g. reporting of musculoskeletal pain already in childhood 
(Smith et al. 2014). Being obese in childhood is predictive of adult obesity and adipos-
ity (Freedman et al. 2005) and thus it potentially influences adult health and general 
functioning. Also in Finland there has been a noticeable increase in the prevalence of 
overweight and obesity among adolescents occurring during the last two decades of 
the 20th century (Kautiainen et al. 2009, Kautiainen et al. 2002). Obesity has an im-
pact on musculoskeletal health and functioning already in youth (Paulis et al. 2014, 
Smith et al. 2014, Tsiros et al. 2011). Continuing exposure to excess weight during 
adulthood has been associated with certain disabling musculoskeletal conditions, e.g. 
LBP, knee and hip osteoarthritis (Ells et al. 2006, Kulkarni et al. 2016, Shiri et al. 
2010a). 
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2.4 LOW BACK PAIN 
LBP is defined as pain in the lumbar or gluteal region with or without radicular pain 
to the lower extremities. The vast majority of individuals with pain affecting the lower 
back have no specific diagnosis and are categorised as having non-specific LBP 
(Airaksinen et al. 2006), i.e. the cause of non-specific LBP is usually unknown. When 
back pain radiates to the lower extremity, the condition is called radiating LBP (lum-
bar radicular pain, sciatic pain). The pain is caused by compression or irritation of one 
of the lumbosacral roots (Heliövaara et al. 1987) When radicular pain is accompanied 
by clinical findings of nerve root compression, the condition is called sciatica (Kon-
stantinou and Dunn 2008, Valat et al. 2010). LBP is a very common symptom 
(Heistaro et al. 2007), but physician-diagnosed non-specific chronic low back syn-
drome and sciatica are less prevalent (Heliövaara et al. 1991, Kaila-Kangas et al. 2009). 
The estimated prevalence of LBP depends on the recall period as well as on the dura-
tion of symptoms (Hoy et al. 2010b). Most of the studies examining LBP have relied 
on point or 12-month prevalence (Hoy et al. 2010a). Many studies have not specified 
a minimum episode length, but the most commonly used duration of symptoms has 
been a minimum of one day (Hoy et al. 2010a). 
2.5 LOW BACK PAIN DURING LIFE COURSE 
LBP is a common condition all around the world and there are estimates that its prev-
alence will increase substantially in the future (Buchbinder et al. 2013, Hoy et al. 
2012).  
The lifetime prevalence of LBP has been reported to vary from 11 to 84% (Walker 
2000). LBP is prevalent already in children and remains common throughout an indi-
vidual’s lifetime (Calvo-Munoz et al. 2013, Dunn et al. 2013). A meta-analysis reported 
a mean 12% point prevalence among children and adolescents, while a distinct in-
crease in the prevalence of LBP with age was seen (Calvo-Munoz et al. 2013). Another 
systematic review of population-based studies estimated the global point prevalence 
of LBP to be 12%, with a 1-month prevalence of 23% (Hoy et al. 2012). The overall 
mean prevalence was 31%, the one-year prevalence was 38%, and the lifetime preva-
lence was 40%. Women had significantly higher point and annual prevalence, alt-
hough no gender differences were seen for 1-year or lifetime prevalence of LBP (Hoy 
et al. 2012). The prevalence of LBP did not increase in men after 40 years of age, while 
the prevalence peaked later among women. In addition, LBP has been reported to be 
as prevalent in middle-aged populations as among those aged 60 or over but the prev-
alence seems to decline among the oldest individuals (Fejer and Leboeuf-Yde 2012). 
Another systematic review concluded that the prevalence of severe forms of back pain 
continues to increase with age, whereas less severe back pain becomes less common 
after a peak when the individual is 50 to 60 years of age (Dionne et al. 2006). Moreo-
ver, there are reports suggesting that the prevalence of non-specific LBP decreases 
with age (Kääriä et al. 2009) (Shiri et al. 2010c). 
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One review reported a point prevalence for sciatica ranging from 1.6% to13.4%, de-
pending on the case definition (Konstantinou and Dunn 2008). The prevalence of clin-
ically verified sciatica in population-based samples has been less extensively studied, 
but has been reported to vary between 2.7% and 5.1%, with a higher prevalence among 
men (Heliövaara et al. 1991, Leino-Arjas et al. 2008). Only a few studies have exam-
ined radiating LBP across life course, although it has been found that the prevalence 
of radiating LBP increases with age (Kääriä et al. 2011, Kääriä et al. 2009, Shiri et al. 
2010c). Inconsistent findings have been reported about gender differences in radiating 
LBP (Kääriä et al. 2011, Kääriä et al. 2006, Shiri et al. 2010c). 
LBP leads to care seeking and reduced health related quality of life already in ado-
lescence (O'Sullivan et al. 2012). Furthermore, LBP in late adolescence has been re-
ported to predict LBP in adulthood (Hellsing and Bryngelsson 2000, Hestbaek et al. 
2006). LBP is believed to be prevalent throughout life and is often recurring (Hestbaek 
et al. 2003, Hoy et al. 2010a). Patients with radiating LBP have a poorer prognosis 
when this is assessed via pain intensity, quality of life, disability or health care utiliza-
tion, in comparison with subjects with non-radiating LBP (Konstantinou et al. 2013). 
2.6 ROLE OF LIFESTYLE FACTORS IN LOW BACK PAIN 
Previous studies have found over one hundred potential risk factors for LBP (Bakker 
et al. 2009). There are many environmental risk factors e.g. physical workload factors 
(Driscoll et al. 2014), psychosocial factors (Macfarlane et al. 2011, Taylor et al. 2014) 
as well as the early and adult social environment (Croft and Rigby 1994, Lallukka et al. 
2014). Individual risk factors include genetic susceptibility (heritability reported to 
range from 30 to 46%) (Battie et al. 2007, Hestbaek et al. 2004) and lifestyle factors. 
Alcohol consumption is weakly associated with LBP (Ferreira et al. 2013). Sleep prob-
lems are longitudinally associated with an increased risk of both non-specific and ra-
diating LBP in adults (Kaila-Kangas et al. 2006, Lusa et al. 2015, Miranda et al. 2008, 
Mork et al. 2014). The risk factors of LBP include both modifiable and non-modifiable 
factors (Cook et al. 2014). From a prevention perspective, it is the modifiable risk fac-
tors of LBP which require attention. Figure 1 illustrates risk factors of musculoskeletal 
pain and their effect during life course. Genetic susceptibility, gender and age are ex-
amples of risk factors, which usually are regarded as unmodifiable factors. In contrast, 
lifestyle factors are examples of modifiable individual risk factors. Overweight and 
obesity are some of the most commonly studied modifiable lifestyle factors. 
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Figure 1 Conceptual model of risk factors of musculoskeletal pain during life course. 
Adapted from Dunn 2010.  
 
2.6.1 OVERWEIGHT AND OBESITY 
A large number of studies have examined the effects of BMI-based overweight/obesity 
on LBP. In 2010, Shiri and colleagues conducted a meta-analysis of studies on the as-
sociation between obesity and non-specific LBP. In cross-sectional studies, BMI sig-
nificantly increased the risk of LBP among both genders, but the associations were 
weaker for men than for women. The associations were more consistent for obesity 
than for overweight, with the strongest link being found between obesity and seeking 
care for LBP (OR 1.56, 95% CI 1.46-1.67) and chronic LBP (OR 1.43, 95% CI 1.28-1.60). 
In longitudinal studies, obesity but not overweight, increased the risk of having LBP 
for at least one day during the past year (OR 1.53, 95% CI 1.22-1.92), without any clear 
gender differences. 
More recent longitudinal studies in adolescent and adult populations have detected 
stronger associations between general obesity and LBP among women than men 
(Heuch et al. 2013, Mikkonen et al. 2013, Nilsen et al. 2011). In a study investigating a 
young adult population, BMI was not associated with incident non-specific LBP (Shiri 
et al. 2013b). A very large cross-sectional Israeli study on the relationship of BMI and 
height on LBP concluded that among 17 –year old conscripts being overweight or 
obese was associated with LBP in a dose-response manner (Hershkovich et al. 2013). 
A Finnish conscript study found a significant association between obesity and a risk 
for recurrent LBP (Taanila et al. 2012).  
The evidence for an association between weight-related measures and lumbar 
radicular pain or sciatica is more solid. A small Finnish conscript study reported a 
weak association between obesity, defined by a high body fat percentage, and radiating 
LBP (Karvonen et al. 1980). According to a systematic review on the association of 
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cardiovascular and lifestyle factors with lumbar radicular pain and clinically defined 
sciatica, the risk of clinically defined sciatica was increased if the individual was over-
weight/obesity in most of the case-control and cohort studies. (Shiri et al. 2007). 
A meta-analysis assessing the associations of overweight and obesity with lumbar 
radicular pain and sciatica reported that both overweight and obesity showed a con-
sistent, but modest, association in a dose-response manner with an increased risk of 
lumbar radicular pain and sciatica (Shiri et al. 2014). The pooled odds ratios for the 
association between overweight and obesity with lumbar radicular pain were 1.23 
(95% CI 1.14-1.33 and 1.40 (95% CI 1.27-155), respectively with the associations with 
sciatica being slightly weaker. No gender differences were seen in the associations be-
tween overweight/obesity and lumbar radicular pain or sciatica. 
A recent systematic review of twin studies showed that the risk of LBP or lumbar 
disc degeneration was increased in individuals who were overweight or obese, but the 
associations with LBP were weakened after controlling for genetic factors and a shared 
early environment. (Dario et al. 2015). The authors suggested that obesity and low 
back pain might share common genetic risk factors .  
There are only a few studies using repeated measures of weight-related factors. A 
report from the British 1958 birth cohort study found that high BMI at the age of 23 
but not at age of 7 predicted incidence of LBP (Power et al. 2001). However, this asso-
ciation became weaker after adjustment for (psychosocial factors in early life, ergo-
nomic and psychosocial factors at work.  
In the majority of epidemiologic studies, self-reported low back pain has been the 
assessed outcome. However, there are few longitudinal studies with register-based 
measures of low back outcomes. Most of them have been included in a meta-analysis 
on the effects of overweight and obesity on sciatica and lumbar radicular pain; this 
reported that overweight and obesity also displayed a significant association with both 
hospitalization and surgery due sciatica (Shiri et al. 2014).  
A study with a 28-year follow-up claimed that high BMI exhibited an association 
with hospitalization for back problems other than intervertebral disk disorders (Kaila-
Kangas et al. 2003). In contrast, a large population-based cohort study detected no 
association of overweight with hospitalization due to LBP (Mattila et al. 2008). A re-
port from the 1966 Northern Finland Birth Cohort Study indicated that in females, 
being  overweight at age 14 predicted an increased risk of second-time hospitalisation 
for surgical treatment of sciatica, while no associations were seen among males 
(Rivinoja et al. 2011). 
2.6.2 ABDOMINAL OBESITY 
There are few studies that have applied measures of abdominal obesity. However, even 
the paucity of evidence is conflicting when describing the association of abdominal 
adiposity with LBP, especially among men. In a male conscript population, waist cir-
cumference was weakly associated with an increased risk of recurrent LBP (Taanila et 
al. 2012). In contrast, in a population-based study of young to middle-aged adults, WC 
was associated with an increased risk of radiating LBP six years later among females 
but not males (Shiri et al. 2013b). Similarly, a case-control study found that an in-
creased waist to hip ratio only in female patients was associated with chronic LBP and 
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a negative straight leg raise test, when the patients were compared to controls (Toda 
et al. 2000). Cross-sectional analyses in the Dutch MORGEN project with an adult 
population-based sample have identified associations of an increased WC with any 
LBP, chronic LBP and radiating LBP, but after adjustment for confounders, the asso-
ciations remained consistent only in women (Han et al. 1997, Lean et al. 1998). In ad-
dition, having a WC of 102 cm or more increased the risk of being made redundant 
from work due to LBP (Lean et al. 1998). However, a case-control study found an in-
verse association between waist-to hip ratio and LBP among middle-aged women (Yip 
et al. 2001). A recent Norwegian study comparing different anthropometric measures 
of obesity with chronic LBP found that bodyweight, BMI, waist and hip circumference 
were all associated with chronic LBP in both genders (Heuch et al. 2015). However, 
after mutual adjustment for the other anthropometric measures, only body weight 
showed a statistically significant association with chronic LBP. The authors concluded 
that abdominal adiposity was unlikely to be a major contributor to the aetiology of 
LBP. 
2.6.3 PHYSICAL ACTIVITY 
There are contradictory results from studies examining the association of leisure time 
physical activity with the risk of LBP. Reviews of the literature in 1967-2009 have 
found inconsistent or no evidence for any association (Heneweer et al. 2011, 
Hoogendoorn et al. 1999, Sitthipornvorakul et al. 2011). On the other hand, a review 
of reviews and meta-analyses on the efficacy of physical activity in the prevention of 
LBP concluded that exercise was effective in primary and secondary prevention 
(Henchoz and Kai-Lik So 2008). Moreover, a meta-analysis of randomised controlled 
trials showed that leisure time physical activity as exercise therapy exerted a slightly 
favourable effect on subacute and chronic LBP (Hayden et al. 2005). Another, recent 
meta-analysis and review of randomised controlled trials of LBP prevention concluded 
that physical exercise alone could reduce the risk of LBP and when combined with 
educational programs, it was claimed to be likely able to prevent LBP (Steffens et al. 
2016).  
A large prospective population-based study reported that physical inactivity was 
associated with chronic LBP (Nilsen et al. 2011). In addition to varying measures of 
physical activity, one explanation for the conflicting evidence might be the reported U-
shaped relationship between LBP and physical activity (Heneweer et al. 2012, 
Heneweer et al. 2009). For example, in adolescents, very active participation in phys-
ical activities has been reported to be associated with consultations for LBP (Auvinen 
et al. 2008). 
Similarly, there is no consensus in the literature about the nature of the relation-
ship between radiating LBP and physical activity. A systematic review revealed no con-
sistent relationship between physical activity and radiating lumbar pain or clinically 
defined sciatica (Shiri et al. 2007). However, prospective studies included in the review 
provided some indications of an association between high levels of leisure time physi-
cal activity with an increased risk of lumbar radicular pain. Moreover, physical activity 
has been reported to display a U-shaped relationship also with radiating LBP in a pop-
ulation of young adults (Shiri et al. 2013b). In contrast, physical activity levels were 
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not associated with sciatica in an adolescent population (Karjalainen et al. 2013). A 
recent meta-analysis suggested that physical activity has a modest protective effect 
against the onset of lumbar radicular pain (Shiri et al. 2016). 
It has been postulated that physical fitness is more strongly associated with LBP 
than self-reported leisure time physical activity and indeed high activity levels of stren-
uous physical activity have been reported to decrease the risk of hospitalization due to 
back disorders (Heneweer et al. 2012, Kääriä et al. 2014). Accordingly, a previous low 
level of physical activity did not predict, whereas a poor fitness level was predictive of 
non-specific LBP in a conscript population (Taanila et al. 2012). 
A review of longitudinal studies on the relationship between performance in tests 
assessing muscle fitness, muscle endurance, or spinal mobility and future LBP con-
cluded that trunk muscle endurance was not associated with the risk of LBP 
(Hamberg-van Reenen et al. 2007). The evidence was inconclusive with regard to the 
relationship between trunk muscle strength or mobility of the lumbar spine and the 
risk of LBP. 
In conclusion, the relationship between physical activity and LBP seems to be U-
shaped. However, more accurate methods to assess physical activity may help to clarify 
this complex relationship. 
2.6.4 SMOKING 
A meta-analysis of studies on the association of smoking and low back pain showed 
that current smoking was associated with a moderately increased prevalence and inci-
dence of LBP (Shiri et al. 2010b) In cross-sectional studies, the strongest association 
was seen for chronic LBP and disabling LBP. Ex-smokers had a lower prevalence of 
LBP than current smokers. Furthermore in longitudinal studies, the incidence of LBP 
was stronger in adolescents than in adults. 
A recent meta-analysis examining the association between smoking and radiating 
LBP found that current smoking modestly increased the risk of both lumbar radicular 
pain and clinically verified sciatica as well as herniated discs requiring hospitalisation 
or surgery in both genders (Shiri and Falah-Hassani 2016). Smoking has been associ-
ated with LBP also among conscripts (Taanila et al. 2012). 
2.7 KNEE PAIN DURING LIFE COURSE 
Knee pain is a common musculoskeletal complaint among adolescents and its preva-
lence increases with age (Nakamura et al. 2011, Sa et al. 2011, Urwin et al. 1998). The 
reported prevalence has varied between 10 and 60% in the general population, de-
pending on gender, age and definition of knee pain (Adamson et al. 2006, Fransen et 
al. 2014, Thiem et al. 2013, Urwin et al. 1998). It has been estimated that every third 
adult aged over 40 will develop knee pain during the subsequent 12 years (Ingham et 
al. 2011). Knee pain is thus especially prevalent in the age group over 50 years, a time 
when osteoarthritis is becoming more common (Picavet and Schouten 2003, Thiem et 
al. 2013). Accordingly, in older subjects, osteoarthritis is an increasingly common rea-
son for knee pain (Zhang et al. 2010). The estimates of the mean proportion of men 
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who will develop symptomatic knee OA during their lifetime vary from 16% to 40% 
(Losina et al. 2013, Murphy et al. 2008). 
2.8 ROLE OF LIFESTYLE FACTORS IN KNEE PAIN 
The age- and BMI-adjusted prevalence of knee pain increased during the last decades 
of the 20th century (Nguyen et al. 2011). Female gender, older age, previous knee injury 
and obesity are risk factors for the onset of knee pain (Jinks et al. 2008). Occupational 
risk factors for knee pain include regular heavy lifting, kneeling, crawling and con-
struction work (Fransen et al. 2011). 
Pain is the major symptom of knee OA. While the entities are inter-related, espe-
cially among the elderly, a meta-analysis concluded that knee pain was not a good in-
dicator of knee OA (Bedson and Croft 2008). In younger individuals, injuries to carti-
lage, ligaments and soft tissue structures are more prevalent reasons for knee pain 
(Peat et al. 2001). These injuries may predispose the knee to subsequent OA. Accord-
ingly, among middle-aged subjects, chronic knee pain is reported rather consistently 
to be a predecessor of OA and thus knee pain is often regarded as the first sign of knee 
OA (Thorstensson et al. 2009). Most studies evaluating the associations of lifestyle 
factors with knee pain have been conducted in older populations with knee OA. Nev-
ertheless, there are also reports which have investigated knee pain without OA.  
2.8.1 OBESITY AND OVERWEIGHT 
Most work on the association between overweight or obesity with knee pain has been 
conducted among middle-aged and older individuals. According to a recent meta-anal-
ysis, overweight and obesity are strongly associated with knee OA among those aged 
50 or over (Silverwood et al. 2015). Two recent meta-analyses have described a dose-
response relationship between BMI and knee OA (Zheng and Chen 2015, Zhou et al. 
2014). On the basis of a longitudinal cohort study, the population-attributable fraction 
of overweight or obesity for the onset of knee OA has been estimated at 25% 
(Silverwood et al. 2015).  
High BMI and knee pain have been linked in cross-sectional studies among older 
people (Adamson et al. 2006, Andersen et al. 2003). Several longitudinal studies have 
described an association between overweight and obesity with knee pain (Fransen et 
al. 2014, Goulston et al. 2011, Ingham et al. 2011). Among subjects aged 50 or over 
without knee pain at baseline, the presence of obesity markedly predicted the onset of 
severe knee pain in the following 3 years (Jinks et al. 2006). The authors estimated 
that 43% of cases of severe knee pain could have been avoided if the obese subjects 
would have been only overweight.  
Two longitudinal cohort studies have examined the associations of childhood 
weight-related measures with adult knee pain. An Australian study with a 25 year fol-
low-up reported that childhood (7-15 years old) overweight, especially being over-
weight both in childhood and adulthood, was associated with future knee pain in men 
aged 31 to 41 years (Antony et al. 2015). In men, childhood weight was also associated 
with adult functional limitations due to knee problems. The British 1958 birth cohort 
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study examined associations of BMI across life course with adult knee pain (Macfar-
lane et al. 2011). Being overweight or obese as young as 16, as well as at the age of 23 
or 33 years was significantly associated with one-month knee pain at the age of 45. No 
separate analyses were conducted for males and females. 
Furthermore, there are reports from relatively small studies among predominantly 
female subjects without knee OA, suggesting that weight control is effective, i.e. asso-
ciations of weight loss with reduced knee pain and conversely weight gain with in-
creased knee pain (Tanamas et al. 2013, Teichtahl et al. 2015). 
2.8.2 ABDOMINAL OBESITY 
Several studies have detected a significant association between abdominal adiposity 
and knee OA. The British GOAL case-control study, conducted among older subjects 
referred for consideration of joint replacement surgery, reported a stronger associa-
tion of abdominal obesity defined via WC with knee OA in women than in men (Hol-
liday et al. 2011). Obesity as reflected by BMI showed a stronger association than that 
defined by WC, while WHR showed no association with knee OA. Cross-sectional anal-
yses of the Longitudinal Aging Study Amsterdam showed a linear association between 
WC and knee OA (Heim et al. 2011). A case-control study reported that WC was asso-
ciated with self-reported knee OA among middle-aged women, but not in men (Han et 
al. 2013). In large prospective cohort studies, WC has been significantly associated 
with severe knee osteoarthritis defined as total knee replacement surgery (Lohmander 
et al. 2009, Monira Hussain et al. 2014, Wang et al. 2009).  
Evidence is lacking, whether any association between abdominal obesity and knee pain 
exists. 
2.8.3 SMOKING 
In the population-based West of Scotland Twenty-07 study of 58-year old persons, 
smoking was not associated with knee pain (Adamson et al. 2006). In addition, a re-
cent meta-analysis of the risk factors for knee OA in older adults concluded that there 
was no association between smoking and the onset of knee OA (Silverwood et al. 2015). 
However, there are no population-based studies which would have examined the as-
sociation of smoking and knee pain among younger subjects without knee OA. 
2.8.4 PHYSICAL ACTIVITY AND KNEE TRAUMAS 
Studies examining the longitudinal relationship of physical activity with knee pain 
without OA are lacking. Nevertheless, one systematic review claimed that although 
there was strong evidence for a positive association between physical activity and tibi-
ofemoral osteophytes as well as for an inverse relationship between physical activity 
and cartilage defects, there were no signs of any relationship between physical activity 
and joint space narrowing. (Urquhart et al. 2011b). The authors concluded that current 
evidence suggests that physical activity is beneficial for knee joints. A systematic re-
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view on risk factors for OA concluded that there was no convincing evidence that in-
creased physical activity, without knee trauma, is associated with an increased risk of 
knee OA (Richmond et al. 2013). However, another recent review postulated that high 
level of physical activity did increase the risk of knee OA (Silverwood et al. 2015). Fur-
thermore, individuals practising certain types of sport activity, e.g. team sports, tum-
bling gymnastics, seem to be more prone to knee traumas than those participating in 
other sports (Ingram et al. 2008, Junge et al. 2016, Mitchell et al. 2016).  
Previous knee injuries have been shown to be a major predictor of knee OA 
(Richmond et al. 2013, Silverwood et al. 2015). Among adults, obesity has been re-
ported to be associated with an increased risk of knee and lower leg injuries in both 
genders (Chasse et al. 2014). In addition, overweight and obese children and adoles-
cents have been reported to have an increased risk of suffering lower limb injuries 
(Adams et al. 2013, Jespersen et al. 2014). A large study of Finnish conscripts reported 
a dose-response relationship between obesity defined by BMI and hospitalization after 
a traumatic knee injury (Kuikka et al. 2013). Another study reported that conscripts 
with primary patellar dislocation weighed more than controls (Sillanpää et al. 2008) 
There is also conflicting evidence; overweight and obesity in 4-24 year old male and 
female sports participants did not increase their risk of sustaining a sports injury 
(Kemler et al. 2015). 
2.9 SEEKING HEALTH CARE DURING MILITARY SERVICE 
MSDs are a major source of morbidity during military service in conscript armies (Heir 
and Eide 1997, Heir and Glomsaker 1996, Rosendal et al. 2003). In a Finnish study 
conducted during 2006-2008, 69% of all conscripts visited the military health care at 
least once due to a MSD (Taanila et al. 2010). Over 60% of the MSD-related visits dur-
ing conscript service time were due to problems in the lower extremities and approxi-
mately 20% due to LBP (Heir and Glomsaker 1996, Taanila et al. 2009). In the study 
of Taanila and co-workers, 16% of the conscripts were found to have required the ser-
vices of the military health care at least once due to LBP (Taanila et al. 2012). Similar 
incidence rates of low back pain have been reported from young military populations 
in Israel and USA (Milgrom et al. 2005, O'Connor and Marlowe 1993).  
Being overweight has been associated with an increased risk of MSDs (Heir and 
Eide 1996, Taanila et al. 2010) and traumatic injuries requiring hospitalization during 
military service (Mattila et al. 2007). Additionally abdominal obesity, defined as WC 
≥102 cm, has been associated with an increased risk of MSDs during conscript service 
(Taanila et al. 2010, Taanila et al. 2015). Some studies have reported that there may 
be a U-shaped relationship between weight-related factors and MSDs during military 
service (Jones et al. 1993, Taanila et al. 2015). 
Both overuse injuries and traumatic injuries occur frequently during military ser-
vice (Taanila et al. 2015). The majority (67%) of all MSDs occurred in the lower ex-
tremities with a further 18% in the back. Being obese was associated with the risk of 
traumatic injuries and also with the risk of more severe injuries resulting in loss of at 
least 7 service days, but the associations weakened in the multivariate model.  
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A low level of physical fitness, smoking and frequent alcohol use were other risk 
factors identified for MSDs in military populations (Heir and Eide 1996, Taanila et al. 
2010). In disagreement with other studies, Mattila et al reported that those conscripts 
with a high physical fitness had an increased risk of injury requiring hospitalization 
(Mattila et al. 2007).  
Some of the health problems encountered during conscript service hamper the mil-
itary training profoundly and thus lead to its interruption. In Finland, mental disor-
ders have accounted for over half of the medical reasons for interruptions of conscript 
service (Parkkola 1999, Sahi and Korpela 2002). MSDs are the second principal reason 
for medical discharge and the proportion of those interrupting due to MSDs (not in-
cluding traumas) increased from 11.7% during 1997-1998 to 14.7% during 1999-2000 
(Sahi and Korpela 2002). This increase is likely to be a consequence of the reformation 
of the military training occurring in 1998, when the shortest service length was re-
duced from eight to six months. At the same time, the normative maximum time to be 
ill during conscript service was shortened from two months to one month and this 
probably resulted in military physicians being more likely than earlier to recommend 
discharges for medical reasons (Peitso 2002).  
 
2.10 SEEKING HEALTHCARE AS AN INDICATOR OF LATER 
LIFE PROBLEMS 
A few studies have investigated the predictive value of health care consultations on 
later health problems. A population-based cohort study reported that seeking health 
care due to LBP at the age of 16 was associated with both mild and severe sciatic pain 
at the age of 18 years (Karjalainen et al. 2013). A Swedish study detected a very weak 
correlation between the rate of school absence at the age of 15 years with sick leave at 
the age of 27 (Bremberg and Mikaelsson 1985). Being occasionally, but not often, ab-
sent from school at age 16 has been reported to be predictive for adult sickness absence 
(Mittendorfer-Rutz et al. 2013). 
2.11 DISABILITY RETIREMENT IN FINLAND 
There are two complementary pension systems in Finland, the national pension 
scheme, and a statutory earnings-related scheme, but both systems provide the possi-
bility of granting a DP. The administration of the compulsory scheme is decentralized 
to independent private pension providers such as insurance companies, company pen-
sion funds and industry-wide pension funds. 
National pensions and guarantee pensions are meant for those pensioners who 
have no earnings-related pension or whose pension is very small. A person can be 
granted a full DP if his/her work capacity is reduced by at least 60% due to a chronic 
illness, handicap or injury and a partial DP if the work capacity is reduced by 40-60% 
(Finnish Centre for Pensions and Social Insurance Institution 2014). In addition to 
health, the person’s possibilities of earning a living are also taken into account. Before 
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this pension can be awarded, a certificate issued by a physician with diagnoses defined 
according to the ICD-10 is needed. 
In the national pension scheme, DR may be granted to a person aged 16–64 years, 
but not until the possibilities of rehabilitation of the individuals aged 16–19 have been 
thoroughly investigated. Only full DPs are awarded.  
In the statutory earnings-related pension scheme, the DP may be granted to a per-
son aged 18–62 years. It is required that the incapacity for work can be estimated to 
last for at least one year. The DP may be awarded as a full or a partial pension. A person 
is granted a full DP if his or her work capacity is considered to have been reduced by 
at least 60% and a partial DP if the work capacity is estimated to have been reduced by 
40-60%. The DP may be awarded until further notice or temporarily as a rehabilitation 
benefit if it is expected that the person’s work ability can be restored (Finnish Centre 
for Pensions and Social Insurance Institution 2014). 
The DP ends at the age of 65 when the entitlement to the national old-age pension 
begins. In the earnings-related pension scheme, DPs are converted into old-age pen-
sions when the individual reaches the age of 63, if the pension contingency occurred 
by 1 January 2006 or later (Finnish Centre for Pensions and Social Insurance 
Institution 2015). The Finnish Centre for Pensions coordinates all earnings-related 
pensions for permanent residents and provides essentially complete data on DR 
awards. 
In 2008, 7.5% of the Finnish working age populations was receiving DP and the 
total expenditure was 3.1 billion Euros. In 2014, the corresponding figures were 6.6% 
and 2.9 billion, respectively (Finnish Centre for Pensions and Social Insurance 
Institution 2010, Finnish Centre for Pensions and Social Insurance Institution 2015). 
Several non-medical factors, e.g. the coverage of the DP system and the amount of 
disability benefit may potentially influence the incidence of DPs (OECD 2003). In-
deed, changes in Finnish society and national legislation have affected the DRs. An 
individual early retirement pension for elderly people was implemented in 1986 in the 
private sector and 1989 in the public sector. (Järvisalo et al. 2005b). The main crite-
rion for eligibility was a permanent reduction in working capacity due to an illness. 
Moreover work demands and length of working career were taken into account. Orig-
inally the age criterion was 55 but it was subsequently raised. Musculoskeletal disease 
was the most common cause for individual early retirement pensions. Individual early 
retirement pensions accounted for most of the increase in the total number of DP re-
ceivers during the 1990s (Figure 2). The total number of receivers of DPs reached its 
peak in the mid-nineties and has subsequently declined. The morbidity behind the DPs 
has also changed. Traditionally there have been three major causes of DP in Finland; 
mental disorders, musculoskeletal diseases and cardiovascular diseases. During 1987-
1994, the incidence in DP due to mental diseases increased by 10%, while the propor-
tion of affective disorders increased by 3-fold (Salminen et al. 1997). The share of car-
diovascular disease has progressively declined since the mid-seventies. The propor-
tions of DP receivers due to mental disorders and musculoskeletal disease were nearly 
even in 1990, but since that date, the share due to mental causes has increased and the 
share due to musculoskeletal causes has declined substantially (Figure 2). In 2014, 
individuals receiving DP due mental disorders accounted for 47% of the total, whereas 
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the share of musculoskeletal diseases was only 20% (Finnish Centre for Pensions and 
Social Insurance Institution 2014). 
 
 
Figure 2 Recipients of disability pensions, living in Finland 1969-2014. 
Data source: The Social Insurance Institution of Finland 1969-2014 and Finnish Centre for 
Pensions 1995-2014. The data for the years 1969-1994 includes only pensions from the na-
tional pension scheme, and are thus not directly comparable with the years 1995-2014. None-
theless, in 1995 SII pensions accounted for 97% of all disability pensions. 
2.12 PREDICTORS OF DISABILITY RETIREMENT DUE TO 
MENTAL DISORDERS AND MUSCULOSKELETAL 
DISEASES 
Risk factors of DR have been studied extensively, especially among middle-aged peo-
ple. A systematic review and meta-analysis of 29 longitudinal studies examining the 
associations between poor health and exit from paid employment showed that self-
perceived poor health had a strong effect on all-cause DP (pooled RR 3.61; 95% CI 
2.44-5.35) (van Rijn et al. 2014). However, there were marked variations in the follow-
up time of the various studies. The risk of DP retirement was also increased for workers 
with MSDs (pooled RR 2.23; 1.93-2.59) and mental health problems (1.80; 1.41-2.31). 
Accordingly, low self-rated health is a predictor of DR both due to mental diseases and 
musculoskeletal disorders (Hagen et al. 2002, Karpansalo et al. 2004, Pietiläinen et 
al. 2011, Samuelsson et al. 2013). In a recent longitudinal study of employees aged 45-
64 years, self-reported chronic musculoskeletal or psychological health problems at 
baseline increased the risk of receiving disability benefits three years later (Leijten et 
al. 2015). A Danish prospective study in nurses’ aides found that chronic back pain at 
baseline predicted DP 15 year later (Jensen et al. 2012). Musculoskeletal pain pre-
0
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dicted the risk of DP due to low back disorders over 30 years in the Finnish Twin Co-
hort Study (Pietikäinen et al. 2011). Sickness absence due to back pain or a depressive 
episode were also predictive of the award of DP due to all-cause, musculoskeletal and 
mental causes in the next 5 years in a large cohort study (Dorner et al. 2015). 
People with lower education and thus lower socioeconomic status are at an in-
creased risk of DR (Johansson et al. 2012, Leinonen et al. 2012, Robroek et al. 2015). 
This holds true for DP due to mental diseases and musculoskeletal disorders, the rel-
ative risk being especially increased for the latter (Bruusgaard et al. 2010).  
Self-perceived high psychological stress in daily activities predicted all-cause DP in 
a large Finnish twin study (Ropponen et al. 2014). Symptoms of anxiety and depres-
sion have been found to predict DP due to all-cause, mental disorders and somatic 
conditions in population-based studies with a follow-up ranging from 1 to 7 years 
(Knudsen et al. 2010, Mykletun et al. 2006). In the aforementioned study of Mykletun 
and co-workers, the associations were stronger for individuals aged 20-44 than for 
their older counterparts. A Finnish study of middle-aged workers claimed that com-
mon mental disorders were associated with DR due to all-cause and due to mental 
disorders with a weaker association being found for DR due musculoskeletal diseases 
(Lahelma et al. 2015).  
A large number of studies have scrutinised the associations of workplace factors 
and DR. Several psychosocial factors at work have been reported to increase the risk 
of DR (Ahola et al. 2009, Hinkka et al. 2013, Krause et al. 1997, Krokstad et al. 2002, 
Laine et al. 2009, Sinokki et al. 2010). In cause-specific analyses, low job control has 
been associated with an increased risk of DR due to MSDs and mental disorders 
(Lahelma et al. 2012), whereas job strain was associated only with DP due musculo-
skeletal diseases (Mäntyniemi et al. 2012). Physical work demands, loading, lifting, 
muscle strain and uncomfortable work positions are likely to increase the risk of all-
cause DR in different settings (Friis et al. 2007, Krause et al. 1997, Krokstad et al. 
2002, Ropponen et al. 2014). Physical work load and demands have generally been 
reported to be risk factors for DR due musculoskeletal diseases (Hagen et al. 2002, 
Järvholm et al. 2014, Karpansalo et al. 2002, Lahelma et al. 2012).  
2.12.1 LIFESTYLE FACTORS AND DISABILITY RETIREMENT 
Many studies have investigated the relationship between obesity and DR (K. Neovius 
et al. 2008, Rissanen et al. 1990, Robroek et al. 2013). A meta-analysis of 28 longitu-
dinal studies revealed that obesity (RR 1.53, 95% CI 1.27-1.53) and to a lesser degree, 
overweight (RR 1.16, 95% CI 1.08-1.24) were risk factors for DP (Robroek et al. 2013). 
Interestingly, the meta-analysis showed stronger associations for obesity in Scandina-
vian studies than in others. The association between BMI and disability benefits has 
been reported to be stronger among workers with lower education (Robroek et al. 
2015).  
Obesity and pain are significantly comorbid and probably have a negative mutual im-
pact on each other (Okifuji and Hare 2015). In two Nordic cohort studies, multisite 
musculoskeletal pain predicted all-cause DR, with the association with DR due MSDs 
being especially strong (Haukka et al. 2015, Overland et al. 2012). In a large Swedish 
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twin study, the number of pain sites predicted DR due to musculoskeletal diseases over 
a 23 year follow-up (Ropponen et al. 2013c).  
Poor physical fitness has also been associated with the risk of all-cause DP as well 
as DP due to mental disorders and musculoskeletal diseases (Karpansalo et al. 2003). 
Accordingly, a lack of physical activity increased the risk of all-cause DP (Robroek et 
al. 2013, Robroek et al. 2015). Smoking has been reported to be a strong risk factor 
and it has displayed a dose-response relationship for DR (Claessen et al. 2010, 
Husemoen et al. 2004, Koskenvuo et al. 2011). Being a persistent smoker predicted DP 
both due to musculoskeletal diseases and specifically due to LBP, even after adjusting 
for several factors, including familial factors (Ropponen et al. 2013a).  
Abundant alcohol use and problem drinking have been described as risk factors for 
DPs due to all-cause and mental disorders, but not due to musculoskeletal diseases 
(Korhonen et al. 2015, Salonsalmi et al. 2012). A follow-up study of a cohort of Swedish 
men born in 1949-51 claimed that risky drinking behaviour reported during conscrip-
tion was associated with an increased risk of DPs, especially before the age of 40 years 
(Sidorchuk et al. 2012). In contrast, a Finnish study reported that heavy drinkers with-
out a diagnosis of alcohol abuse disorder were not at increased risk of DR (Kaila-Kan-
gas et al. 2015). Sleep disturbances increases the risk of all-cause DR as well as DR due 
to MSDs or mental diseases (Lallukka et al. 2011, Ropponen et al. 2013b, Sivertsen et 
al. 2006).  
2.12.2 COMORBIDITY OF MENTAL AND MUSCULOSKELETAL DISORDERS 
AND WORK DISABILITY 
Mental disorders and musculoskeletal diseases often occur concurrently (Dersh et al. 
2002). Especially depressive disorders and anxiety have been reported to be associ-
ated with musculoskeletal pain, in particular with LBP (Beesdo et al. 2010, Demyt-
tenaere et al. 2006, Demyttenaere et al. 2008, Hagen et al. 2006, Tsang et al. 2008). 
A cross-sectional population-based study reported the co-occurrence of self-reported 
musculoskeletal pain and depressive symptoms were more strongly associated with 
reduced self-rated physical work ability than either symptomatology alone (Shiri et al. 
2013a). A Dutch study with a nationally representative sample revealed that comor-
bidity consisting of mental and physical disorders was common and related to self-
reported work loss days (Buist-Bouwman et al. 2005). Co-occurring chronic back pain 
and mental disorders exerted a synergistic effect on work loss days during the previous 
year. Accordingly, a recent nationwide Swedish study detected a synergistic effect of 
back problems (sick leave or specialized care) and common mental disorders (sick 
leave, specialized care or prescription of antidepressant) on the risk of all-cause DP 
during a 5-year follow-up among 16-64 year persons (Dorner et al. 2016). Additionally, 
in a population-based Finnish study, it was found that in particular, co-morbidity of 
common mental and musculoskeletal disorders shortened the time to DR during the 
follow-up period (Kaila-Kangas et al. 2014). 
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2.12.3 EARLY LIFE PREDICTORS OF DISABILITY RETIREMENT 
Most previous studies have focused on adulthood determinants of DR and thus little 
is known about the risk factors in childhood, youth and early adulthood. Nevertheless, 
in the Nordic countries, some studies have been conducted especially among con-
scripted men  
Even early life events might have an impact on disability in adult life. A recent study 
postulated that higher birthweight would be associated with a decreased risk of DP 
due to all causes and mental disorders in men (von Bondorff et al. 2015). A Swedish 
prospective cohort study, with a 26-year follow-up, found that several socioeconomic 
factors in adolescence predicted male adult sickness absence, e.g. low educational 
achievements and unemployment (Mittendorfer-Rutz et al. 2013). 
Adverse conditions in youth and adolescence may exert of major impact in the so-
cial gradients in disability retirement (Upmark et al. 2001). A large longitudinal Finn-
ish study showed that adults having experienced several childhood adversities dis-
played an increased risk for DR retirement, in a dose-response relationship, compared 
to subjects reporting no adversities in childhood (Harkonmäki et al. 2007). 
Several large Scandinavian cohort studies using data from military conscription 
registers and national DP registers have analysed the associations of various predictors 
at the age of 18 with DPs. Young men receiving a psychiatric diagnosis at conscription 
have an elevated risk of later DP due to mental as well as somatic disorders over a 
follow-up of 21 years (Upmark et al. 1999). Several psychosocial factors identified 
when the men were conscripted predicted later DPs (Upmark et al. 1997, Upmark et 
al. 1999). Large follow-up studies of conscripted men in Norway and Sweden have re-
ported that a lower cognitive ability in late adolescence was predictive of DPs in both 
early and later adulthood, in a dose-response manner (Gravseth et al. 2008, Sörberg 
et al. 2013). Low scoring in cognitive ability tests during conscription has been associ-
ated with subsequent DPs due to psychiatric disorders at ages 20-42 years (Upmark et 
al. 1999). In a population-based study examining both genders, low intelligence at age 
12-13 predicted DP due to all causes as well as musculoskeletal and mental disorders 
(Lundin et al. 2015). 
In other studies based on the Swedish Military Conscription Register, BMI at the 
age of 18 showed a J-shaped association with DP due to all and psychiatric causes. 
(Kark et al. 2010, Karnehed et al. 2007, M. Neovius et al. 2008). Furthermore, being 
overweight or obese elevated the risk of DPs due to musculoskeletal causes (M. Neo-
vius et al. 2008). In addition, a Norwegian study with a follow-up until the age of 36 
years, found that the presences of either underweight or obesity during conscription 
were associated with an increased risk of all-cause DP (Gravseth et al. 2008). 
A large cohort study with a follow-up of 38 years exploiting the Swedish conscrip-
tion register and data on DPs from the Social Insurance Register found that smoking 
at the age of 18-19 years in 1969-1970 was a strong predictor of adult DP and that there 
was a dose-response in this relationship. Nonetheless, there was no combined effect 
of smoking with overweight/obesity on the risk of DP (Neovius et al. 2010). Excessive 
alcohol use in late adolescence has been reported to predict later DPs (Sidorchuk et al. 
2012, Upmark et al. 1997, Upmark et al. 1999). 
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3 OBJECTIVES OF THE STUDY 
There is limited information of early indicators of knee and low back problems and 
disability retirement due to musculoskeletal diseases and mental disorders. The regis-
ters of the Finnish Defence Forces provide unique data on health and lifestyle factors 
of a nationally representative sample of young men. The main aim of this thesis was to 
clarify how early health-related and lifestyle factors influence future musculoskeletal 
health and work disability by adopting a life course approach. 
 
This thesis consists of four studies. The specific objectives were the following: 
 
1. To describe temporal trends and patterns of healthcare utilisation during 
compulsory military service (I) 
 
2. To study the impact of overweight and obesity and other life style factors on 
back and knee problems over the life course (II, III) 
 
3. To explore possible differences in the associations of general and abdominal 
obesity with low back and knee outcomes (II, III) 
 
4. To examine the extent to which knee problems during military service deter-
mine later functional limitations of the knee (III) 
 
5. To study whether seeking medical advice during military service increases the 
risk of all-cause disability retirement and disability retirement due to mental 
disorders and musculoskeletal diseases (IV) 
 
4  Material and methods 
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4 MATERIALS AND METHODS 
Study I assessed temporal trends in seeking health care during military service cover-
ing 40 years using data from the registers of the Finnish Defence Force. In studies  
II – IV, predictors were obtained from the registers of the Finnish Defence Forces and 
outcomes from the Health 2000 Study and the registers of the Social Insurance Insti-
tution (SII) and the Finnish Centre for Pensions (FCP). Figure 3 describes the timing 
of data collection. 
 
Figure 3 Time line of the studies of this thesis. 
4.1 STUDY SAMPLE 
4.1.1 SAMPLING OF THE STUDY POPULATION 
Random samples of the 1,894 individuals aged 18-29 and 8,028 individuals aged 30 
or over living in mainland Finland and alive in 1.7.2000 was drawn at the Social In-
surance Institution of Finland using the population census data as the sampling frame. 
Both the household population and people living in institutions were included in the 
sample. A stratified two-stage cluster sampling design was developed jointly by Statis-
tics Finland experts and the National Public Health Institute of Finland (KTL, nowa-
days THL) research team (Laiho et al. 2008). The proportion of men was 51.7% in the 
younger and 45.3% in the older populations. 
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4.1.2 MUSCULOSKELETAL DISORDERS IN MILITARY SERVICE STUDY 
(MSDS@MIL) 
The study base of the MSDs@Mil study comprised all men in the random sample aged 
18 to 50 years (n=2843). The Finnish conscript register contains personal and military 
training information, e.g. data on prior health and pre-service health examinations 
needed to determine the young men’s fitness for service as well as medical records 
from health utilization during military service. Eligible for the studies in this thesis 
were the men whose military records were available. The military records were 
searched from the register of the Finnish Defence Forces for 2843 men; of those 2639 
(93%) were identified. 
4.1.3 THE HEALTH 2000 STUDY 
Of the random sample aged 30 and over 89% participated in the home interview and 
85% in the clinical examinations, while 80% of the younger men were interviewed 
(Heistaro 2008).  
4.1.4 POPULATION AND DESIGN OF THE I-IV STUDIES 
Due to divergent aims, the study populations of the four studies had different inclusion 
and exclusion criteria. Table 2 summaries the key elements of the individual studies. 
Figure 4 shows the formation of the samples for studies I-IV. 
 
Study I 
The study was a time trend study. The study population comprised the conscripts who 
successfully completed their 6-12 month military service during the study period 1967-
2006 (n=2296). 
 
Study II  
The study used a longitudinal design, with pre-military health examinations as base-
line and the Health 2000 Study as the follow-up. Participants consisted of the 1713 
(91.8%) men eligible for military service during 1967-1994. Baseline and follow-up 
data were available for a total of 1536 men (81.4% of the initial random sample). After 
exclusion of participants with missing data on outcomes, 1385 men (74.2% of the ini-
tial random sample) were available for analyses. 
 
Study III 
The pre-service health examinations and the records of consultations to health care 
during conscript service (1967-2000) formed the data for the baseline. Of the random 
sample eligible were men who had entered their military service prior to the Health 
2000 Study. After exclusions of participants with missing data, 1913 men (67.2% of 
the random sample) were available for analyses. 
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Study IV 
Study IV used a longitudinal design. In this study, data from pre-service examinations 
and health service consultations were also used as baseline and follow-up data were 
acquired from retirement registers. All men scheduled for military service during 
1967-1996 (n=2563, i.e. born in 1948-1978) were eligible. Men who entered military 
service during 1967-1996 (n=2069, 80.7% of the eligible sample) comprised the sam-
ple for the study. The sample was stratified into three groups on the basis of the service 
year: 1967-1976, 1977-1986, and 1987-1996.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Formation of the study samples of this thesis  
Random Population Sample drawn for Health 2000 Study 
? Subjects aged 30 years or over, n=8028 
? Subjects aged 18-29 years, n=1894 
Women, n= 5304 
Men > 50 years, n=1775 
Excluded 
Random Population Sample of men in 2000, aged 18-50 
(sample for MSDs@Mil), n= 2843 
Military health data not 
available, n=204 
Excluded 
MSDs@Mil Study 
Men aged 18-50 years, n= 2639  
Study I 
n=2296 
Study III 
n=1913 
Study II 
n=1385 
Study IV 
n=2069 
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4.2 DATA SOURCES 
4.2.1 MILITARY SERVICE IN FINLAND 
The military service for conscripts lasted for a period of 8 or 11 months until 1.1.1989, 
when a new duration of service time length of 9.5 months was added, and again in 
1998 the service time range changed to 6-12 months. The content of military training 
has remained similar since the 1960s. The conscripts spend the first two months in 
basic training; it is basically the same for all conscripts: various types of physical train-
ing (including combat training) account for almost half of the approximately 300 
hours allotted since the late 1990s. After the basic training period, the amount of mod-
erate and high-intensity physical training is slightly reduced and the emphasis is 
placed more on combat-training. 
 
Some changes have been implemented, e.g. in 1998, when the shortest service pe-
riod was further curtailed and physical training as well as training in terrain increased. 
The physical training programme was also modified into gradually increasing in terms 
of its strenuousness to better provide sufficient capacity during the shortened service 
period without leading to an increase in overuse injuries. Due to these temporal 
changes, year of service was included as a covariate in some of the analyses. Interrupt-
ing the military service due to health reasons has become more common during the 
time period covered by this thesis (Parkkola 1999). 
4.2.2 MILITARY SERVICE MEDICAL RECORDS, CALL-UP HEALTH 
EXAMINATIONS AND HEALTH CARE DURING MILITARY SERVICE  
All information on the compulsory military service (healthcare records, health and 
lifestyle questionnaires. military performance data etc.) was collected from the regis-
ters of the Finnish Defence Forces using personal identity numbers.  
Each spring, all 18-year old men are obligated to attend a preliminary physical exam-
ination, usually performed by a general practitioner in a public health centre. This ex-
amination includes a structured health questionnaire on life style, prior diseases, in-
juries and treatments, as well as current health problems. During the following fall, 
these young men are summoned to obligatory call-ups, which include a detailed med-
ical examination. The objective for the examination is to assess the health and fitness 
for service. During the first two weeks of the conscript’s service, the garrison physician 
re-evaluates his mental and physical health for a third time to check whether there 
have been any changes after the health examination at the call-up and to confirm his 
fitness for service.  
During the service, the basic healthcare services are available through the health 
care centres in the garrisons; during the time course covered by this thesis project, 
they were mostly called garrison hospitals. The conscripts have the right to consult a 
nurse or a physician when a health problem arises. Specialist services were available 
at military hospitals during this study and due to structural reforms, regional civilian 
 41 
 
partnership hospitals have been used in the 2000s. The health services and medicines 
included in the healthcare provided by the Defence Forces are free of charge for con-
scripts. 
Detailed information of health examinations and visits to the military healthcare 
units as well as other health-related information were coded from the military service 
medical records in THL. Medical data were coded primarily by a physician, with expe-
rience from the military healthcare system, into a computer-assisted interview and 
survey tool (Blaise Survey Software©, Statistics Netherlands). Coding criteria and 
methods were created by the research team and pilot-tested and modified accordingly 
before the final coding process. The repeatability of the coding system was verified 
with test coding by the same coder(s) in the beginning, middle, and end of the coding 
process, using the medical data from 75 conscripts.  
Other project workers coded the data from health questionnaires and other military 
health and training files. These data included service time and length, weight and 
height measured at the health examinations as well as observations noted by the phy-
sician at the health examinations. 
All coded data were tested for formal correctness. Although permissible limits and 
logical conditions were incorporated in the Blaise program, this was not entirely suc-
cessful. Upper and lower limit checks were made as well as logical checks. In addition, 
distributions of variables were scrutinized and erroneous data corrected. The checks 
and cleaning of data were supervised by personnel from THL and made in the same 
manner as conducted in the Health 2000 Study (Alha and Rinne 2008). 
4.2.3 THE HEALTH 2000 STUDY 
The Health 2000 Study was carried out between September 2000 and July 2001 by 
the National Institute of Public Health in 80 health care districts all over the country 
(Aromaa and Koskinen 2004, Heistaro 2008). The main objective of the study was to 
obtain up-to-date information of major public health problems (e.g. musculoskeletal 
and mental disorders), their determinants and treatment as well as on functioning and 
work ability. The methods of data collection were interviews, questionnaires, meas-
urements and clinical examination.  
The field survey contained a home interview for subjects aged 18-29 and those aged 
30 or over. In connection with the home-visit interview, participants were given a basic 
questionnaire, which they were asked to complete. The interview and questionnaires 
covered a large number of lifestyle and health-rated items, including musculoskeletal 
symptoms and functional limitations (Aromaa 2008). The field survey for subjects 
aged 30 or older also included an extensive health examination. Height, weight and 
waist circumference were measured. The young adults did not undergo a health exam-
ination.  
The purpose of the clinical examination was to medically assess the presence of 
major chronic diseases in the subject, to determine the need for treatment for those 
diseases and to assess the subject’s level of functional capacity (Reunanen and 
Heliövaara 2008). Specially trained physicians took a history and performed a stand-
ard clinical examination; its main focus was on circulatory diseases and musculoskel-
etal disorders. The thorough examination of the musculoskeletal system included the 
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spine and the joints. The lumbar spine examination included testing for signs of pain 
in the nerve root.  
Detailed description of the data collection, participation rates at different stages of 
the Health 2000 Study as well as the forms used in the Health 2000 Study are available 
online http://www.terveys2000.fi/ . 
4.2.4 REGISTERS 
In Finland, people with a chronic illness, disability, or injury that has been verified by 
a physician with a medical certificate and assessed as causing considerable and long-
lasting decreased work ability are entitled to a part-time or full-time DP (Gould 2003). 
The Social Insurance Institution of Finland has registers of those individuals receiving 
national pensions and guarantee pensions, which are awarded if the earnings-related 
pension is small or none. The Finnish Centre for Pensions coordinates all earnings-
related pensions for permanent residents and provides essentially complete data on 
DR awards in its retirement register. Aggregate data of pensions paid by the Social 
Insurance Institution and the earnings-related pension scheme are compiled in a joint 
statistical data warehouse. The register data are primarily used for ensuring uniform 
pension decisions, harmonisation of pensions from different schemes and calculation 
of different pensions. The data in the registers include comprehensive information on 
all awarded pension benefits, e.g. which kind of pension benefit has been awarded, 
start and end dates, main and secondary diagnoses. The diagnoses of chronic illnesses 
in the national pension registers are classified according to the International Statistical 
Classification of Diseases and Related Health Problems, Eight, Ninth and Tenth Revi-
sions (ICD-8, -9 and -10, Finnish versions of ICD-classifications 1969, 1987, 1996). 
4.3 OUTCOMES 
In study I, the main outcome was visits (with their causes) to the garrison healthcare. 
In study II, the clinically defined back outcomes were diagnoses of chronic low back 
syndrome or sciatica. The symptom-based outcome measures included one-month 
prevalence of non-specific and radiating LBP (study II) as well as self-reported knee 
pain during previous 30 days and functional limitations due to knee pain (study III). 
The main outcomes in study IV were incident DR (permanent, temporary, full-time, 
part-time) with their diagnoses prior to 1 January 2009.  
4.3.1 HEALTH CARE VISITS (STUDY I) 
All consultations to garrison healthcare due to any reason were collated. Visits due to 
MSDs were identified and the following information of each MSD visit was coded: 
date; care provider (physician, nurse or conscript medics); symptoms; diagnoses (if 
applicable); anatomical site; first-time or a recurrent visit for the same reason; other 
concomitant musculoskeletal symptoms; possible etiological mechanism (overuse; 
prior injury; acute trauma; other; unknown) and exemptions from duty. The total 
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number of visits due to any reason was calculated and recorded, time trends were ex-
plored.  
4.3.2 LOW BACK AND KNEE PAIN (STUDY II, III) 
In the Health 2000 Study, information on musculoskeletal symptoms was collected 
during interview. Low back symptoms were enquired with the following questions: 
“Have you ever had low back pain? (Yes/no)”. Those who answered yes were asked 
about recent pain and about the type of pain: “Have you had low back pain during the 
preceding 30 days? (yes/no)”; “If you had low back pain, did it radiate? (0=no, 1=be-
low the knee, 2=above the knee)”.  
Data on knee pain were obtained with the following questions: “Have you during 
the previous month (30 days) had pain, aches or motion soreness in one or several 
joints? (yes/no)”. Those who had answered yes were enquired about the location of the 
pain by showing them a body diagram. Left and right knee were coded separately. 
4.3.3 FUNCTIONAL LIMITATIONS DUE TO KNEE PROBLEMS (STUDY III) 
Functional limitations were enquired with the question: “Have you during the last 
month had walking difficulties or limping due to a knee problem? (Yes/no)”.  
4.3.4 CLINICALLY DEFINED LOW BACK OUTCOMES (STUDY II) 
The chronic low back syndrome and sciatica were diagnosed during the clinical exam-
ination by specially trained physicians using predefined criteria (Reunanen and 
Heliövaara 2008). Low back symptoms with a duration of at least three months overall 
were considered as being chronic. All diagnoses were categorized as 0=no, 1=probable, 
2=definite. The diagnoses were classified as probable when the subject did not cur-
rently have symptoms, or when the criteria of the previous diagnoses were vague. In 
study II, a clinically defined low back outcome was designated if the subject had a 
probable or definite diagnosis.  
Diagnostic assessment of the clinical examination was in some cases not accurate 
enough due time constraints and lack of background information. Consequently, sev-
eral of the clinical diagnoses were later checked and corrected (if needed) using addi-
tional information e.g. from all available register information. 
 
4.3.5 DISABILITY RETIREMENT (STUDY IV) 
Data on all DR events and their main and secondary diagnoses were obtained from the 
national registers of the Finnish Centre for Pensions and the Social Insurance Institu-
tion of Finland. All DPs granted any time between 1 January 1968 and 1 January 2009 
were linked to the MSDs@Mil data via the personal identity numbers. The linkage was 
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done by personnel at THL. All-cause DR comprised all incident DRs at any time be-
tween 1 January 1968 and 1 January 2009. The interest in this thesis was 1) all-cause 
DR, 2) DR due to mental disorders and 3) DR due musculoskeletal diseases.  
4.4 DETERMINANTS 
4.4.1 HEALTH CARE VISITS DURING MILITARY SERVICE 
The reason for all visits due to musculoskeletal and mental problems were coded and 
their total number calculated. All hospitalisations at the garrison healthcare, specialist 
healthcare in public or private hospitals were recorded (date; diagnosis; possible sur-
gery and recommended exemptions), as well as any other relevant information con-
cerning mental or musculoskeletal problems. Visits due to musculoskeletal problems 
were classified according to their aetiology into traumatic (recent, accidental) and 
non-traumatic injuries. The reason for possible interruption of military service was 
also identified. 
4.4.2 PRE-MILITARY HEALTH EXAMINATIONS 
Musculoskeletal and mental symptoms and findings were recorded at call-up prior to 
the conscript service and health examinations during the first two weeks of military 
service. The information was obtained from the medical files. 
4.4.3 LIFESTYLE FACTORS AT BASELINE 
The weight and height of the conscripts were measured with the men in their under-
wear during the health examination by nurses or trained medics at the garrison health 
centres. Data on smoking and physical activity were collected with a health and life-
style questionnaire.  
BMI was calculated by dividing weight (kg) with the square of height (m2). In study 
II, baseline BMI was dichotomized into BMI < 25 kg/m2 (normal) and ≥25 kg/m2 
(overweight/obese). In study III, BMI at baseline was dichotomized into two catego-
ries: 1) BMI < 29.7 kg/m2 (non-obese) and 2) BMI ≥29.7 kg/m2 (obese), based on tra-
jectory analysis (see Statistical analyses).  
The conscripts were classified as smokers if they answered “yes” to the question 
“Do you smoke?” The frequency of physical activity was inquired in the pre-military 
health questionnaire with a 3- or 4- category question, depending on the year it was 
used. In order  to achieve a synchronized classification, the conscripts were classified 
as physically active, if the conscripts answered that they participated in strenuous 
physical exercise causing breathlessness at least once a week.  
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4.4.4 WEIGHT-RELATED MEASURES AT FOLLOW-UP 
During the health examination in Health 2000 Study, height and weight were meas-
ured (Reunanen 2008) (Heliövaara 2008). Overweight and obesity were defined 
based on BMI using the WHO recommendation BMI < 25 kg/m2 (normal), 25–29.9 
kg/m2 (overweight), and ≥30 kg/m2 (obese) (WHO 1995).  
Waist circumference (WC) was measured (Reunanen 2008) and categorized using 
the WHO recommendation < 94 cm (normal), 94-102 cm (increased risk of metabolic 
complications), and ≥102 cm (substantially increased risk of metabolic complications) 
(WHO 2011). 
Furthermore, waist-to-height ratio (WHtR) was calculated by dividing measured 
waist circumference with measured height. WHtR has been shown to be a valid tool 
for assessing obesity-associated health risks (Schneider et al. 2010). The WHtR was 
dichotomised using the proposed cut-off value of 0.5 (Ashwell and Hsieh 2005). 
4.4.5 BODY MASS INDEX DURING LIFE COURSE 
Height at the age of 20 years and weight at the ages of 20, 30, 40 and 50 years were 
inquired at follow-up, if applicable.  
In studies II and III, repeated measures of BMI values (at baseline, self-reported at 
the age of 30, 40 and 50 years and measured at follow-up) were used to construct a 
variable that characterized life course BMI. This was constructed by calculating age-
standardized Z-scores (mean = 0, standard deviation = 1) for each time-point measure, 
which were averaged across time-points (Kivimäki et al. 2008). 
In study II, baseline and follow-up BMI were used to obtain a variable to describe 
overweight or obesity during life course, consisting of six categories. The categories 
were defined as the following: 1) both baseline and follow-up BMI < 25 kg/m2 (normal 
weight at both time points), 2) baseline BMI < 25 kg/m2 and follow-up BMI ranged 
between 25-29.9 kg/m2, 3) baseline BMI < 25 kg/m2 and follow-up BMI ≥ 30 kg/m2,4) 
baseline BMI ≥ 25 kg/m2 and follow-up BMI < 25 kg/m2, 5) baseline BMI ≥ 25 kg/m2 
and follow-up BMI ranged between 25-29.9 kg/m2, 6) baseline BMI ≥ 25 kg/m2 and 
follow-up BMI ≥ 30 kg/m2. 
4.4.6 ACCURACY OF SELF-REPORTED HEIGHT AND WEIGHT 
For all men, measurements were available at baseline and self-reported data at follow-
up for height and weight at the age of 20. Additionally, for men aged 30, 40, or 50 at 
follow-up, both measured and self-reported weight were available. Comparison of BMI 
based on self-reported and measured height and weight exhibited high correlation co-
efficients (Pearson r) of at least 0.80 for the studied age groups. With less recall time, 
the correlation coefficient increased towards 1.0. Our data suggest that recall bias is 
relatively minor and self-reported data could reliably be used as a proxy for the sub-
jects’ height and weight, when calculating BMI and constructing life course measures 
for BMI. 
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4.5 POTENTIAL CONFOUNDERS 
The length and time of military service (the first day of service) were obtained from 
military files. Data on length of education (in years), smoking, physical activity and 
physical heaviness of work were collected during the home interview at follow-up. The 
subjects were inquired about how physically demanding their work was via the follow-
ing question: “Does your present/last occupation/job involve heavy physical work, in 
which you have to lift or carry heavy items, dig, shovel or pound?” Daily smokers were 
classified as smokers. Those men who reported that they engage in sufficient physical 
exercise to cause sweating for at least 30 minutes at least once a week were classified 
as physically active. 
4.6 STATISTICAL ANALYSES 
The analyses were carried out using SAS 9.4 (SAS Institute, Cary, NC, USA) (Table 3). 
4.6.1 IMPUTATION OF MISSING DATA (STUDY II, III) 
Missing values on smoking and physical activity at baseline were imputed using the 
missing data propensity score method (Rosenbaum and Rubin 1983).  
4.6.2 ANALYSES OF TEMPORAL TRENDS OF HEALTH CARE SEEKING 
DURING MILITARY SERVICE (STUDY I) 
The military service time of the subjects was classified into 5-year periods when ana-
lysing the frequencies of consultations, number of consultations per conscript and an-
atomical distribution of musculoskeletal problems. Due to the small numbers of sub-
jects in the early and late years of the study, years 1967-69 were pooled with the sub-
sequent 5-year group (1970-1974) and years 2005-2006 with the preceding 5-year 
group (2000-2004). Cochran-Armitage Trend Test was used to explore trends in pro-
portion-type outcome measures (e.g. proportion of conscripts seeking medical advice 
due to MSDs). The distribution of the visits to the healthcare units has been presented 
by 5-year-groups. When analysing the distribution of conscripts according to the num-
ber of MSD-consultations, the length of the military service was taken into account 
and classified into ≤ 240 and > 240 days. In the summary of the thesis 10-year time 
periods were used for descriptive purposes. 
 
4.6.3 ANALYSES OF THE ASSOCIATIONS OF WEIGHT-RELATED MEASURES 
WITH LOW BACK AND KNEE OUTCOMES (STUDY II, III) 
Since the outcomes were based on prevalence, prevalence ratios (PR) were used to 
measure the longitudinal and odds ratios (OR) to measure the cross-sectional associ-
ations between weight-related variables and low back and knee outcomes. 
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The effects of baseline and life course BMI on low back and knee outcomes at fol-
low-up were studied with the Cox regression model with the total length of time of 
follow-up being assigned to each individual. The Cox model was used instead of lo-
gistic regression in order to avoid undue inflation of estimates of associations between 
weight-related measures and low back and knee problems (Barros and Hirakata 2003, 
Thompson et al. 1998). The prevalence ratios (PR) and their 95% confidence intervals 
(95% CI) were adjusted for age (low back and knee outcomes) and smoking at baseline 
(low back outcomes) and length of education (years) (low back and knee outcomes) 
and physical heaviness of work at follow-up (knee outcomes). 
The cross-sectional associations of weight-related measures with the outcomes at 
follow-up were studied with binary logistic regression models. The odds ratios (ORs) 
and their 95% confidence intervals (95% CI) were adjusted for the potential confound-
ers mentioned above. It was also tested whether adjustment for physical activity would 
affect the observed associations.  
4.6.4 BMI TRAJECTORIES DURING LIFE COURSE (STUDY II AND III) 
To examine whether different life course trends in BMI were associated with the out-
comes, the BMI trajectories were plotted using a semiparametric group-based model-
ling strategy by PROC TRAJ in SAS. This method was developed for analysing longi-
tudinal data, changes over time, and identifying distinct latent groups of those subjects 
who tended to have a similar profile over time (trajectories) (Jones and Nagin 2007; 
Nagin 1999). The Bayesian information criterion (BIC) was used as the basis for se-
lecting the optimal model, number of trajectories and their shape. In the analysis, re-
peated BMI measures were used (baseline and follow-up BMI for 18-29 years old, 
baseline BMI, BMI at the age of 30 and follow-up BMI for 30-39 years old and baseline 
BMI, BMI at the age of 30, 40 and follow-up BMI for 40-50 years old). With continu-
ous data, the normal distribution was used as the underlying statistical model.  
4.6.5 PATHWAYS TO DEVELOPMENT OF FUNCTIONAL LIMITATIONS DUE 
TO KNEE PROBLEMS (STUDY III) 
To examine pathways to the development of functional limitations due to knee prob-
lems at follow-up, we tested if the association between baseline obesity and functional 
limitations at follow-up were mediated by the military health care visits due to knee 
problems. We followed the Baron and Kenny process (Baron and Kenny 1986), which 
uses four steps of the multiple regression model to establish the mediation. First, we 
assessed the effect of baseline obesity on functional limitations at follow-up. Second, 
we examined the effect of health care visits on functional limitations. Third, we esti-
mated the effect of baseline obesity on health care visits. Fourth, we assessed the effect 
of baseline obesity on functional limitations with inclusion of health care visits into 
the model. All associations were studied with the Cox regression model and adjusted 
for age. The direct and indirect (mediating) effects were further tested using a bias-
corrected bootstrap procedure with the SAS process macro (http://www.pro-
cessmacro.org/), developed by Preacher and Hayes (Preacher and Hayes 2004). 
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4.6.6 DISABILITY RETIREMENT (STUDY IV) 
The distribution of visits due to any health problem, or due to mental or musculoskel-
etal problems was very skewed and varied by the year of service as well as service 
length. Therefore, the service year adjusted Z-scores were calculated for each type of 
visits and this score was used in the analyses. Associations between seeking health care 
(visits due to health problems per service month) during military service and DR were 
assessed using a Cox proportional hazard regression analysis. Hazard ratios (HRs) and 
their 95% confidence intervals (95% CIs) were calculated. All analyses were performed 
for each service time stratum. The pooled HRs were estimated using Mantel-Haenszel 
method. 
The follow-up of each subject started from the first day after completion or inter-
ruption of military service and continued until the beginning of DP or some other pen-
sion, death, or end of follow-up (01.01.2009), whichever came first. Subjects who re-
tired due to other reasons (i.e. age, n=3) or died during follow-up (n=39) were cen-
sored. The follow-up time was counted in days.  
The proportional hazard assumption was assessed visually through inspection of 
the log-log hazards plots of all predictors, and was found to be satisfactory. 
Kaplan–Meier survival curves were plotted to illustrate the time to DR for each 
category of the determinant variable (visits due to musculoskeletal and mental prob-
lems). To test whether visits due to mental and musculoskeletal disorders associated 
in a synergistic manner with DR, the RERI between visits due to mental and musculo-
skeletal disorders was calculated (Li and Chambless 2007). An interaction between 
two risk factors on an additive scale is present, if the relative excess risk due to inter-
action (RERI) is not equal to zero. If the RERI is above zero, this is indicative of syn-
ergism between two risk factors. 
Additionally we examined whether pre-military BMI confounded these associations. 
4.6.7 SENSITIVITY ANALYSES (STUDY II, III) 
Sensitivity analyses were carried out in order to examine whether exclusion of subjects 
with symptoms or signs at baseline would affect the observed associations. 
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Table 3. Methods for statistical analyses used in the studies. 
Study  Main study questions Method of analysis 
I Trends in proportion of conscripts seeking medical ad-
vice due to MSDs 
Cochran-Armitage Trend Test 
I Trends in numbers of MSD-related medical consulta-
tions per conscript 
Poisson regression model 
II and 
III 
Effects of baseline and life course weight-related factors 
on the outcomes at follow-up 
Cox regression model 
II and 
III 
Cross-sectional associations of weight-related measures 
with low back and knee outcomes at follow-up. 
Binary logistic regression 
models 
III Pathways to the development of functional limitations 
due to knee problems at follow-up 
Multiple regression model, 
Baron and Kenny process 
IV Associations between seeking medical advice during 
military service and disability retirement 
Cox proportional hazard re-
gression analysis 
IV Time to disability retirement for visits due to musculo-
skeletal and mental problems during military service 
Kaplan–Meier survival curves 
4.7 ETHICAL CONSIDERATIONS 
The Section for Epidemiology and Public Health of the Ethics Committee of the Hos-
pital District of Helsinki and Uusimaa approved the study design of the Health 2000 
Study 31 May 2000. The MSDs@Mil study was approved by The Ethics Committee of 
the Finnish Institute of Occupational Health in December 2007. 
The subjects participating in Health 2000 Study were given written information (also 
mentioning the use of register data) in connection with the home interviews by Statis-
tics Finland staff and later in connection with the health examination, and in both sit-
uations trained staff were available to answer any questions. The subjects were asked 
to sign an informed consent form. The consent contained a section requesting permis-
sion for using their data in studies on health, various diseases and their determinants, 
including linkage with a number of registers, e.g. those containing information on DR. 
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5 RESULTS 
5.1 TEMPORAL TRENDS AND PATTERNS OF HEALTHCARE 
CARE UTILISATION DURING COMPULSORY MILITARY 
SERVICE (I, IV) 
Nearly all (89.1%; 95% CI 87.7-90.4) conscripts who entered military service during 
1967-1996 sought medical advice at least once; they made a median of 4 visits (inter-
quartile interval, IQI, 2 – 8) during the service period. Taking into account the length 
of the service, the median number was 0.5 visits per service month among the men 
who had completed their military service but it was markedly higher (1.9 visits per 
service month) in those who interrupted their service (Table 4). There was a linear 
increasing trend in visits during the study period. A conspicuously high increase was 
seen among those who did not complete their military service, their relative number 
of visits becoming 5-fold, while it doubled among those who completed their service. 
 
Table 4. Median and interquartile range (IQR) of healthcare visits due to any reason during military service 
relative to the service length (visits per service month). 
Completion of military service 1967-1976 1977-1986 1987-1996 1967-1996 
 IQR IQR IQR IQR 
All n=587 n=758 n=724 n=2069 
 0.3 (0.1-0.6) 0.4 (0.2-0.8) 0.7 (0.4-1.4) 0.5 (0.2-0.9) 
Did not complete the military ser-
vice  
n=24 n=26 n=61 n=111 
 0.6 (0.02-2.8) 1.3 (0.0-2.0) 3.0 (1.2-4.2) 1.9 (0.5-3.6) 
Completed the military service  n=563 n=732 n=663 n=1958 
 0.3 (0.01-0.6) 0.4 (0.2-0.8) 0.6 (0.3-1.2) 0.5 (0.2-0.9) 
 
Visits due to musculoskeletal problems were common and the proportion of men re-
questing medical advice due to musculoskeletal reasons increased during the study 
period (Table 5). The proportion of men seeking medical advice at least once due to a 
mental problem or due to both mental and musculoskeletal problems increased dra-
matically, i.e. tripling in the service period from 1967-1976 to 1987-1996. 
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mong the conscripts who completed their military service during 1967-2006, six out 
of ten utilized the military healthcare service at least once due to musculoskeletal prob-
lems, mostly during the first 8-10 weeks (basic training period) (Table 6). 
 
Table 6. Number of conscripts in the sample, and number and proportion of conscripts with MSD-related 
visits during 1967-2006 among those who completed their service, n=2296. 
 
 
 
 
 
 
 
 
 
 
 
The proportion of the conscripts who visited the military health care service at least 6 
times during their service due to MSDs increased from 3% to 15% during the study 
period 1967-2006. Accordingly, the proportion of conscripts who did not visit the mil-
itary health care at all due to MSDs decreased to approximately half during the study 
period. 
The proportion of the conscripts who consulted the military health care for symp-
toms in at least 4 body areas increased from 1% to 11% during the study period 1967-
2006. 
With respect to all medical consultations due to musculoskeletal problems, two out of 
every three concerned problems of the lower limb, typically in the foot/ankle and knee 
region. Lower back problems were also common. No temporal trend was seen in the 
anatomical distribution of the problems. 
5.2 PREVALENCE OF KNEE AND LOW BACK OUTCOMES 
(II, III) 
In approximately 8% of the men, during the pre-military health examinations (base-
line) the examining physician had made a note of low back symptoms or signs, whereas 
knee symptoms were rare (Figure 5a). Also at follow-up, low back symptoms were 
more common than knee problems. (Figure 5b). Physician-diagnosed low back disor-
ders were not as common as symptom-based low back outcomes.  
Service year period Sample Conscripts with MSD-related visits 
  Basic training period Entire service period 
 n n % n % 
1967-1979 785 209 26.6 366 46.6 
1980-1989 732 267 36.5 439 60.0 
1990-2006 779 311 37.0 534 68.5 
1967-2006 2296 787 34.3 1339 58.3 
 53 
 
Figure 5  
 
Figure 5a  Prevalence (%) of low back symptoms or signs at baseline. 
 
Figure 5b Prevalence (%) of low back and knee outcomes at follow-up. 
5.3 DIFFERENCES IN THE ASSOCIATION OF GENERAL AND 
ABDOMINAL OBESITY WITH BACK AND KNEE 
OUTCOMES (II, III) 
Neither BMI values nor waist circumference were associated with non-specific LBP. 
Both general (BMI ≥30 kg/m2) and abdominal obesity (WtHR > 0.5) were associated 
with radiating LBP (Table 7). A dose-response relationship was detected between cat-
egorical BMI and unilateral knee pain. Abdominal obesity was also associated with 
unilateral knee pain, with the risk being increased for those with waist circumference 
≥ 94 cm. 
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The exclusion of subjects with baseline spinal symptoms or signs strengthened the 
observed associations between abdominal obesity defined based by waist circumfer-
ence and radiating LBP (OR 1.62, 95% CI 1.05-1.78). In contrast, adjustment for knee 
problems prior to and during military service exerted only a minor effect on the esti-
mates for knee pain. 
None of the weight-related variables were associated with the clinically defined low 
back outcomes.  
Continuous BMI was significantly associated with functional limitations due to 
knee problems at follow-up (Table 8). There was a tendency towards a dose-response 
association between categorical BMI and functional limitations of the knee. Similarly, 
abdominal obesity as defined by waist-to-height ratio, tended to increase the odds of 
functional knee limitations. 
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5.4 LIFE COURSE TRENDS IN BMI 
In the trajectory analysis of BMI of the men who entered military service prior to the 
Health 2000 Study, a model including three life course BMI trajectories displayed the 
best fit (Figure 6). The men whose BMI stayed within a normal range (BMI 21.0; 95% 
CI 20.9-21.1 at baseline and 23.8; 95% CI 23.6-23.9) during the follow-up formed the 
largest BMI trajectory (Normal BMI). 
The men who in the pre-military health examination (baseline) had a normal BMI 
and became overweight during follow-up (baseline BMI 24.2, 95% CI 24.1-24.4; fol-
low-up BMI 28.7, 95% CI 28.5-28.8) made up the second largest trajectory (Develop-
ment of overweight). The smallest trajectory (Development of severe obesity) con-
sisted of those men who were borderline obese at baseline and became severely obese 
during the follow-up (baseline BMI 29.7, 95% CI 29.3-30.1; follow-up BMI 35.2, 95% 
CI 34.8-35.6). 
 
 
Figure 6 Life course trends in BMI, model with three trajectories.  
*BMI at age of 30 and 40 years were used when applicable.  
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5.5 THE IMPACT OF OBESITY AND OTHER LIFESTYLE 
FACTORS ON BACK AND KNEE PROBLEMS OVER THE 
LIFE COURSE (II, III) 
5.5.1 ASSOCIATIONS OF BMI AND OTHER LIFESTYLE FACTORS WITH 
SELF-REPORTED MUSCULOSKELETAL SYMPTOMS DURING THE LIFE 
COURSE 
Baseline values as well as life course BMI (BMI Z-score) were statistically significantly 
associated with both one-month radiating LBP and knee pain. A one standard devia-
tion increase in baseline BMI (corresponding to 3.0 kg/m2 and 3.1 kg/m2 for radiating 
low back pain and knee pain, respectively) was associated with a 26% increase in the 
risk of radiating LBP and a 38% increase in the risk of knee pain (Table 9). A one-unit 
increment in the Z-score (corresponding to 2.92 and 3.02 units of BMI, respectively) 
was associated with a 23% increase in the risk of radiating LBP and a 32% increase in 
the risk of knee pain.  
Men who were borderline obese at baseline and developed severe obesity during 
the follow-up, had an increased risk of radiating LBP, while the risk of knee pain was 
increased already for those who had normal BMI at baseline and developed overweight 
during follow-up. 
No clear associations were seen for non-specific LBP nor for bilateral knee pain. 
Being a smoker or physically active at baseline was not associated with LBP, radiating 
LBP or knee pain at follow-up. 
Sensitivity analyses excluding those subjects with baseline spinal or knee symp-
toms or signs, caused only negligible changes in the observed associations. 
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5.5.2 ASSOCIATIONS OF BMI AND OTHER LIFESTYLE FACTORS WITH 
PHYSICIAN-DIAGNOSED LOW BACK DISORDERS AND FUNCTIONAL 
LIMITATIONS OF THE KNEE DURING LIFE COURSE 
No longitudinal associations were seen between BMI and physician-diagnosed low 
back disorders (Table 10). BMI at baseline predicted functional limitations due to knee 
pain at follow-up. Borderline obese men at baseline who became severely obese during 
follow-up had an increased risk of functional limitations - PR 1.93, 95% CI 1.07-3.48, 
whereas there was no excess risk of functional limitations for those who had normal 
BMI at baseline and become overweight during follow-up. The life course BMI Z-score 
was significantly associated with functional limitations of the knee. A one-unit incre-
ment of Z-score (corresponding to 3.02 kg/m2) increased the risk of experiencing knee 
pain by 21%.  
No associations were detected between smoking or physical activity status at base-
line and the clinically defined low back outcomes or functional limitations of the knee 
at follow-up. 
No change in the observed associations occurred in the sensitivity analyses when 
subjects with baseline spinal or knee symptoms or signs were excluded. 
 
 
Table 10.  Longitudinal associations of BMI at baseline, during life course and BMI trajectories across 
life course with physician-diagnosed low back disorders and self-reported functional  
limitations of the knee. 
Weight parameter 
 
Chronic LBP 
syndrome 
n= 1350 
Sciatica, assessed 
by physician 
n=1350 
 Functional limitations 
due to knee problems 
n=1913 
  PRa 95% CIa PRa 95% CIa  PRa 95% CIa 
BMI at baselineb 1.18 0.96-
1.44
1.15 0.89-1.50  1.27 1.10-1.47 
Life course BMI 
(Z –score)c 
1.09 0.87-
1.36 
1.10 0.83-1.46  1.21 1.03-1.43 
Life course BMI 
trajectory 
       
 Normal weight all 
the time 
- - - -  1.00  
 Development of 
overweight 
- - - -  1.13 0.79-1.61 
 Development of 
severe obesity 
- - - -  1.93 1.07-3.48 
LBP, low back pain; BMI, body mass index; PR, prevalence ratio; CI, confidence interval 
aPrevalence ratios and their 95% CIs are adjusted for age, smoking and education.  
bContinuous variable, one standard deviation increase, corresponding to 3.0 kg/m2 for baseline BMI for 
back outcomes and 3.1 kg/m2 for knee outcomes. 
cOne-unit increment in Z-score, corresponding to 2.92 units of BMI during follow-up for low back outcomes 
and 3.02 units of BMI for knee outcomes. 
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5.6 THE INFLUENCE OF KNEE PROBLEMS DURING 
MILITARY SERVICE ON LATER FUNCTIONAL 
LIMITATIONS OF THE KNEE (III) 
Being borderline obese at baseline increased the likelihood of seeking medical advice 
especially due to accidental knee injury (Figure 7). The association of baseline border-
line obesity with functional limitations due to knee problems at follow-up was reduced 
when visits due to knee problems during military service were entered into the model 
(from OR 2.62; 95% CI 1.34-5.14 to 2.39; 95% CI 1.21-4.72). This suggests that visits 
attributable to an accidental knee injury partly mediated the found longitudinal asso-
ciations.  
 
 
Figure 7 Model of pathways to functional limitations of the knee. 
aCrude odds ratio 
bOdds ratio with all visits due to knee problems in the model. 
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5.7 SEEKING MEDICAL ADVICE DURING MILITARY SERVICE 
AND THE RISK OF ALL-CAUSE DISABILITY RETIREMENT 
AND DISABILITY RETIREMENT DUE TO MENTAL 
DISORDERS AND MUSCULOSKELETAL DISEASES (IV) 
5.7.1 CUMULATIVE INCIDENCE OF DISABILITY RETIREMENT 
During 1968-2008, the cumulative incidence of all-cause DRs in the random sample 
was 8.8% (95% CI 7.8-10.0). In more detail, the cumulative incidence of DRs due to 
mental disorders was 4.3% (3.6-5.2), whereas that attributable to musculoskeletal dis-
eases was 1.4% (1.0-1.9). Nearly all (95%) of the DRs were granted as full-time and 
permanent. The proportion of the men having received all-cause DR was especially 
high among those who did not enter military service. Furthermore, DR due to all 
causes and mental problems was especially prevalent among the men who had inter-
rupted their military service during 1967-1996 (18.9%, 95% CI 12.7-27.3), compared 
with their counterparts who completed their service (6.0%, 95% CI 5.1-7.2). Over half 
(59%) of the DR cases among those who interrupted their service were due to mental 
disorders. On average, DR due to musculoskeletal diseases was awarded later (mean 
time to retirement 26.7; 95% CI 24.1-29.2 years) than DR due to mental (mean time 
to retirement 21.3; 95% CI 19.1-23.6 years). 
5.7.2 ASSOCIATIONS BETWEEN SEEKING MEDICAL ADVICE DURING 
MILITARY SERVICE AND DISABILITY RETIREMENT DUE TO ALL-
CAUSE, MENTAL DISORDERS AND MUSCULOSKELETAL DISEASES 
The risk of all-cause disability was associated with frequently seeking healthcare, with 
the risk being most pronounced among those conscripts who served during the period 
1987-1996, when the hazard ratio was 1.72 (95% CI 1.42-2.07) for one visit per service 
month (Figure 8). Seeking health care due to mental or musculoskeletal problems pre-
dicted all-cause DR among those who did their national service during 1967-1976 and 
1987-1996. 
An association between visits due to any health problem and DR due to musculo-
skeletal diseases was only observed among those men who served in 1967-1976 (HR 
1.59, 95% CI 1.27-2.00). 
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Figure 8 Association between seeking medical advice (visits per service month) during conscript ser-
vice and all-cause disability retirement by service time strata. Hazard ratios per one SD in the 
number of visits. 
Visits due to musculoskeletal problems: one SD corresponds to 0.2 visits per service month for 
conscript service during 1967-1976, 0.4 visits per service month for military service during 1977-
1986 and 0.8 visits per month for military service during 1987-1996. 
Visits due to mental problems: one SD corresponds to 0.1 visits per service month for conscript 
service during 1967-1976, 0.3 visits per service month for military service during 1977-1986 and 
0.7 visits per month for conscript service during 1987-1996. 
Visits due to any problem: one SD corresponds to 0.6 visits per service month for conscript ser-
vice during 1967-1986 and 1.2 visits per month for military service during 1987-1996. 
Men who visited military healthcare due to both musculoskeletal and mental prob-
lems had increased hazards of all-cause DR (HR 5.16, 95% CI 2.88-9.09), compared 
to those who did not seek medical advice due to either problem (Table 11). The relative 
excess risk due to the interaction of seeking medical advice for both problems was sta-
tistically significant (RERI 3.34, 95% CI 1.16-5.52). In addition, the risk of DR due to 
mental disorders was distinctly increased among those men who had sought medical 
advice due to both musculoskeletal and mental problems, though the relative excess 
risk due to interaction was not statistically significant. 
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Table 11. Associations between seeking medical advice during military service (visits due to health 
problems per service month) and disability retirement. 
Reason for seeking medical advice  All-cause disability Disability due to 
mental disorders 
n HR 95% CI HR 95% CI 
No visits due to musculoskeletal or 
mental problems 
867 1.00  1.00  
Visits due to      
 musculoskeletal, but not due to 
mental problems 
1079 1.21 0.84-1.76 0.73 0.40-1.32 
 mental problems, but not due to 
musculoskeletal problems 
46 1.56 0.58-4.20 2.62 0.87-7.89 
 both mental and musculoskeletal 
problems 
77 5.16 2.88-9.09 4.58 2.04-10.33 
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6 DISCUSSION 
6.1 MAIN FINDINGS 
Of the lifestyle factors in early adulthood we found that being overweight was a signif-
icant determinant of musculoskeletal problems of the low back and knee later in life. 
If a conscript had needed to visit the military health care service due to both musculo-
skeletal and mental problems, this clearly increased his overall risk of DR – in partic-
ular due to mental disorders. 
Musculoskeletal health concerns, especially those of the lower extremity and the 
low back, were among the main reasons for seeking medical advice during military 
service. Obesity predicted seeking medical help for knee problems during military ser-
vice. Traumatic knee injuries occurring during military service partly mediated the ob-
served association between obesity at baseline and functional limitations of the knee 
at follow-up. The numbers of conscripts seeking medical advice increased sharply dur-
ing the study period. For instance, there was a tripling in the proportion of men seek-
ing medical advice due to a mental problem or due to both mental and musculoskeletal 
problems at least once during their military service.  
6.2 INTERPRETATION OF THE FINDINGS 
6.2.1 THE IMPACT OF OVERWEIGHT AND OBESITY ON BACK AND KNEE 
PROBLEMS OVER LIFE COURSE 
As far as we are aware, there are no prior studies examining the accumulated effects 
of overweight/obesity on LBP or knee pain using composite life course information of 
BMI. However, the results of this thesis can be compared with those of the British 1958 
birth cohort study. That study showed that a high BMI value at the age of 23 predicted 
the incidence of LBP at age 32 to 33 in both genders (Power et al. 2001). Furthermore, 
being overweight or obese at the age of 16 and/or 23 predicted knee pain at the age of 
45 (Macfarlane et al. 2011). An Australian study showed that if a boy was overweight 
at the age of 7 to 15 years and especially being overweight both in childhood and adult-
hood, then he was likely to suffer with knee pain, stiffness and dysfunction when aged 
31 to 41 years (Antony et al. 2015). Furthermore, obesity has been associated with knee 
pain already among 17 year-old adolescents (Deere et al. 2012). Finally, weight gain 
has been reported to be associated with worsened knee pain and weight loss with relief 
from knee symptoms (Tanamas et al. 2013). In our study, the development of mere 
overweight was associated with knee pain and the development of severe obesity pre-
dicted functional limitations. 
In the current thesis, we found that being overweight or obese increased the risk of 
radiating, but not non-specific LBP. This is in agreement with the results emerging 
from a recent meta-analysis, in which both overweight and obesity were consistently, 
though modestly, associated with the risk of lumbar radicular pain (Shiri et al. 2014). 
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Previous studies, not separating radiating and non-specific LBP, have reported incon-
sistent associations between weight-related factors and LBP (Nilsen et al. 2011, Rohrer 
et al. 1994, Shiri et al. 2010a, Taanila et al. 2012).  
In line with the published literature, we observed weaker associations for physi-
cian-diagnosed sciatica than self-reported lumbar radicular pain (Heliövaara et al. 
1991, Jhawar et al. 2006, Shiri et al. 2014). However, in a large cross-sectional study 
of 17-year old male Israeli conscripts, more consistent associations between BMI and 
low back problems were seen for clinically defined outcomes than for symptoms 
(Hershkovich et al. 2013).  
Recent meta-analyses imply that there is a dose-response relationship between 
BMI and knee OA, with even being overweight still conferring a considerable risk 
(Zheng and Chen 2015, Zhou et al. 2014). Accordingly, the longitudinal results of this 
thesis indicate that the existence of overweight is a significant predictor of knee pain 
and functional limitations later in life. Further weight gain during the life course adds 
to the risk. The prevalence of knee pain increases with age (Arokoski et al. 2007) and 
this kind of pain is the major symptom encountered with knee OA (Zhang et al. 2010). 
Nevertheless, the degree of association between pain and OA of the knee has varied in 
the literature (Bedson and Croft 2008, Kinds et al. 2011). Generally knee OA is a dis-
ease which is diagnosed after the age of 50 and is less common in men (Cross et al. 
2014, Pereira et al. 2011). This explains why we had only a few cases of knee OA in our 
population of men aged 50 or less. Although most subjects with knee pain did not have 
clinical OA, it is possible that their knee problems are an indicator of OA developing 
later in life. 
Kuikka and co-workers have previously shown that obesity increases the risk of 
knee injuries requiring hospitalisation during military service (Kuikka et al. 2013). 
Knee injuries are associated with the onset of knee pain among middle-aged women 
(Jinks et al. 2008) and are a major risk factor for the future development of knee OA 
(Richmond et al. 2013). In our study, obesity significantly increased the risk of knee 
problems (traumatic and non-traumatic) during military service. Moreover, our find-
ings suggest that obesity might increase the risk of functional limitations of the knee 
via injury. 
Overall, the results of this thesis indicate that being overweight during young adult-
hood increases the risk of radiating LBP, knee pain and functional limitations due to 
knee problems later in life. There is an elevated risk of knee pain and functional limi-
tations also in those normal weight young males who become overweight or obese dur-
ing their life course. These findings emphasize the importance of early prevention of 
obesity. 
6.2.2 DIFFERENCES IN THE ASSOCIATIONS OF GENERAL AND ABDOMINAL 
OBESITY WITH LOW BACK AND KNEE OUTCOMES 
Both general and abdominal obesity were associated with radiating LBP, unilateral 
knee pain and functional limitations of the knee. With respect to unilateral knee pain, 
the associations were stronger for general than abdominal obesity, whereas there were 
no differences between the two types of obesity in the associations detected with radi-
ating LBP. Consistent with our results, the population-based longitudinal Young Finns 
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study showed a similar association of general and abdominal obesity with incident ra-
diating LBP (Shiri et al. 2013b). However, in a population-based cross-sectional study, 
the association with disc herniation symptoms was stronger for general than ab-
dominal obesity in the male participants (Han et al. 1997). Similarly, results from the 
HUNT study revealed BMI to be a slightly stronger determinant than waist circumfer-
ence of non-specific chronic LBP among men (Heuch et al. 2015). The findings of this 
thesis indicating that both types of obesity are associated with radiating low back pain 
in the same manner imply that the distribution of fat mass may not be critical for pro-
voking radiating LBP. Indeed, an increased fat mass in the extremities has been re-
ported to be associated with LBP intensity and disability (after adjustment for fat and 
lean mass in the total body) (Urquhart et al. 2011a).  
Most previous studies using measures of abdominal obesity have examined knee 
OA, not knee pain, in older populations and have reported inconsistent findings. A 
Dutch cross-sectional study reported a linear association between waist circumference 
and knee OA (Heim et al. 2011). However, waist circumference showed a weaker asso-
ciation than BMI with knee OA in a case-control study (Holliday et al. 2011). In con-
trast, abdominal adiposity has been associated with total knee replacement in large 
cohort studies (Monira Hussain et al. 2014, Wang et al. 2009).  
6.2.3 PATHOMECHANICAL PATHWAYS FOR OBSERVED ASSOCIATIONS OF 
GENERAL AND ABDOMINAL OBESITY WITH LOW BACK AND KNEE 
OUTCOMES 
The mechanisms linking obesity with pain are complex and only partly understood. 
The present evidence indicates that both mechanical and metabolic-inflammatory 
pathways play a role (Janke et al. 2007, Okifuji and Hare 2015, Vincent et al. 2012) 
and that they may interact in a complex way (Berenbaum et al. 2013). 
BMI reflects body weight, regardless of its composition of fat mass and lean mass, 
and thus it reflects long-lasting exposure of excess mechanical loads, especially on the 
weight bearing joints. Should the body mass become greater, this will increase the knee 
joint load in a linear manner, accounting for up to 80% of the variation in peak com-
pressive load during gait (Sanford et al. 2014). Moreover, people who are overweight 
or obese, experience a relative loss of muscle mass and gain of fat mass, leading to 
lower relative muscle strength in the lower limbs (Vincent et al. 2012). These changes 
alter the biomechanics of the knee joint and gait. 
Overweight and obesity could increase the mechanical load on the spine by causing 
a higher compression or tear on tissues and structures in the lumbar spine (Adams et 
al. 2015, Samartzis et al. 2013). Severely obese persons are reported to exert signifi-
cantly higher disk compression forces while lifting objects compared to persons with 
normal weight (Singh et al. 2015). In accordance, magnetic resonance imaging of the 
lumbar spine has detected an association of high BMI with decreased signal intensity 
of the intervertebral disks and reduced disc height (Liuke et al. 2005, Takatalo et al. 
2013, Urquhart et al. 2014). Furthermore, measures of abdominal obesity have been 
associated with lumbar disk degeneration in males (Takatalo et al. 2013). In addition, 
it has been reported that obese people have an increased risk of bodily injury (Hu et 
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al. 2009, Janssen et al. 2011). A history of work-related back injury has been linked 
with future LBP (Nolet et al. 2016). 
In contrast to BMI, which reflects general obesity, measures of abdominal adipos-
ity, such as waist circumference, waist-to-hip ratio and waist-to-height ratio, represent 
better the metabolically and inflammatory active fat tissue. Obesity, in particular ab-
dominal obesity, leads to the accumulation of adipose tissue, which is the largest en-
docrine organ in the body. Adipocytes in the fat tissue release pro-inflammatory cyto-
kines, both classical ones, such as interleukins and TNF-α, as well as adipokines, which 
in turn generate a chronic low-grade systemic inflammation (Berenbaum et al. 2013, 
Sowers and Karvonen-Gutierrez 2010, Vincent et al. 2012). The pro-inflammatory cy-
tokines may induce pain (Sowers and Karvonen-Gutierrez 2010). There is evidence 
that adipocytokines, such as leptin, participate in the modulation of the inflammation 
process in the joint (Vuolteenaho et al. 2014). 
Involvement of multiple joints may reflect systemic effects, as was seen in a previ-
ous longitudinal study, where a stronger association of baseline BMI was seen with 
bilateral knee pain rather than the unilateral counterpart in middle-aged women after 
14 years of follow-up (Goulston et al. 2011). Our finding of an association of excess 
weight regardless of anatomical distribution, with unilateral knee pain, but not with 
bilateral pain, especially in younger people, could be a consequence of both systemic 
and local factors (e.g. trauma).  
6.2.4 THE ASSOCIATION OF SEEKING MEDICAL ADVICE DURING MILITARY 
SERVICE WITH THE RISK OF DISABILITY RETIREMENT 
If a conscript was frequently seeking medical advice due to any reason during military 
service this predicted all-cause DR. This implies that seeking medical advice is a sign 
that there is a health-related problem present in this young man and it points to the 
possibility of a poorer prognosis for future work ability from both a short-term and 
longer perspective. Due to the long follow-up period of our study, spanning four dec-
ades, several temporal changes have taken place, which probably affect the DR inci-
dence between different service time periods. Treatments and rehabilitation possibil-
ities have evolved, e.g. patients with LBP are no longer recommended to lie resting in 
bed, instead these kinds of limitations are nowadays avoided (Low back pain: Current 
Care Guidelines Abstract 2015). The proportions of persons receiving DP due to a men-
tal disorder or musculoskeletal disease have changed considerably during the follow-
up time. For example, the proportion of male DP awarded due to with mental disorders  
has increased from 31% in 1995 to 43% in 2008, while there has been a decrease from 
27% to 22% in the proportion of receivers of DP due to musculoskeletal diseases 
(Finnish Centre for Pensions 2015).  
The proportion of DP applications rejected by the national pension scheme author-
ities increased in the latter part of the 1970s and in the first part of the 1990s and the 
proportion of fail decisions approximately doubled during 1986-1995 (Huunan-
Seppälä et al. 2002). The rejected proportion for MSD-related applications was ap-
proximately double that of other diagnostic groups during 1986-2000 (Huunan-
Seppälä et al. 2002). The increase in rejected DP applications continued after the turn 
of the century, being 25.7% in the national pension scheme and 21.7% in the statutory 
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earnings-related pension scheme in 2008 (Blomgren and Virta 2011). As the pension 
system has changed from a disease-centred point of view to focusing on what func-
tional capacity remains for the worker, the criteria for granting DPs have likely also 
changed. 
Not entering service, interrupting service and frequently visiting military 
healthcare were all associated with DR. These findings suggest that it is possible to 
identify those young men who carry increased risk of being granted DR due to mental 
disorders within the next few years after their military service. Our findings coincide 
with the time when the relative importance of mental disorders as a cause for DR in-
creased in Finland (Salminen et al. 1997). However, Finnish males of conscription age 
utilize the mental health services rather rarely (Kaskeala et al. 2015). Men exempted 
from military service comprise a group with a wide range of psychosocial problems, 
and recently a psychosocial support programme targeted at young men exempted from 
compulsory military or civil service has been developed in Finland (Appelqvist-
Schmidlechner et al. 2010a). This psychosocial support programme aims at prevention 
of psychosocial problems and encourages the promotion of general well-being among 
these young men. Although the effects are limited to decreased psychological distress 
(Appelqvist-Schmidlechner et al. 2010a), the Time Out! programme has been widely 
adopted during recent years. The age-based health examinations conducted in primary 
schools also attempt to identify children with physical or psychosocial problems. 
Earlier studies have shown that common mental disorders among the middle-aged 
or older workers predict both all-cause DR and DR due to mental disorders (Knudsen 
et al. 2010, Lahelma et al. 2015, Mykletun et al. 2006). Our study examined early 
adulthood determinants of DR, an area which has rarely been studied. Nevertheless, 
consistent with our results, a study utilizing the Swedish conscript register found that 
young men with a psychiatric diagnosis at conscription had an elevated risk of DP, 
particularly due to mental disorders, during two decades of follow-up (Upmark et al. 
1999). 
An association of visits due any problem with DR due musculoskeletal diseases was 
seen only in the oldest cohort; this is probably attributable to the relatively late mani-
festation of disabling musculoskeletal problems.  
The co-occurrence of mental and musculoskeletal problems is common in working 
populations and has been reported to be associated with a conspicuously increased 
risk of work disability among adult working populations (Buist-Bouwman et al. 2005, 
Kaila-Kangas et al. 2014). The association of both musculoskeletal and mental prob-
lems with all-cause DR in our study displayed a synergistic interaction. Similarly, in a 
recent nationwide Swedish register study, back pain and common mental disorders 
exerted a synergistic effect on the risk of DP during a follow- up of 5 years (Dorner et 
al. 2016). The findings stress the importance of identifying adolescents and young 
adults with both musculoskeletal and mental symptoms, in order to be able to provide 
timely support and rehabilitation.  
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6.2.5 TEMPORAL TRENDS AND PATTERNS OF HEALTHCARE CARE 
UTILISATION DURING MILITARY SERVICE 
Our finding showing that most conscripts sought medical advice due to musculoskel-
etal problems during 1967-2006 is in line with the results from another Finnish con-
script study (Taanila et al. 2010). Military service increases the loading of lower limbs 
due to the increased physical training and carrying of loads (Knapik et al. 2004). The 
high proportion (2/3) of problems in the lower extremities is in agreement with the 
findings of previous studies in conscript armies (Heir and Glomsaker 1996, Mattila et 
al. 2007, Rosendal et al. 2003, Taanila et al. 2009). The standards of clothing, foot-
wear and other military equipment have gradually evolved, for example special jogging 
shoes were introduced into physical training during the 1980s and 1990s. Nonetheless, 
lower limb problems have remained very common. In addition to imposing strain on 
the lower limbs, the increased physical training and carrying heavy loads are burdens 
on the spine. LBP was another common musculoskeletal complaint in our study and 
the cumulative incidence (17%) during military service is consistent with previously 
published findings in both conscript and professional armies (Heir and Glomsaker 
1996, Milgrom et al. 1993, Milgrom et al. 2005, O'Connor and Marlowe 1993, Taanila 
et al. 2012). 
One novel finding is the temporal increase in care seeking due to either any reason 
or to musculoskeletal problems among conscripts. We are not aware of studies on con-
temporary conscript populations. There has been no similar increase in healthcare vis-
its to school health services or public healthcare in Finland (Kivimäki et al. 2007, 
Sotkanet 2015). The increased rate of seeking care during military service cannot be 
directly compared to that of a civilian population. Due to the nature of the service, a 
medical certificate is needed to allow the conscript to be temporarily exempted from 
duty, which is one reason why medical services are readily available. No major change 
in the availability of health care services in the Finnish Defence Forces has taken place 
during the four decades of the study that could account for the increase in healthcare 
utilization. While it is true that musculoskeletal pain is becoming more common 
among young people (Hakala et al. 2002) and this may partly explain the increase, 
nonetheless the findings in the pre-military health examinations did not reveal any 
consistent temporal trend in musculoskeletal symptoms or findings prior to military 
service.  
The increasing body weight and reduced aerobic and muscle physical fitness among 
Finnish conscripts during the last decades have been well documented (Santtila et al. 
2006). Nonetheless, the proportion of Finnish men reporting that they exercise at least 
2-3 times weekly has increased (Helakorpi et al. 2008). For most young men, entering 
military service leads to a remarkable increase in physical activity, especially in activ-
ities requiring aerobic fitness. Since the main goals for the physical training and the 
actual physical requirements of military service have remained the same, an imbalance 
might have occurred towards the end of our follow-up time i.e. a mismatch between 
the reduced physical capacity of the conscripts and the unchanged requirements of 
military service. Increased physical activity leads to increased load on the lower ex-
tremities, which in turn increases the risk of injuries (Jones and Knapik 1999). How-
ever, the association between physical activity and LBP is far from clear (Heneweer et 
al. 2011). A U-shaped relationship between physical activity and non-specific LBP has 
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been suggested to exist in children and adolescents (Jones and Macfarlane 2005) and 
a similar association has been reported for radiating LBP among young adults (Shiri 
et al. 2013b). Moreover, overweight and obesity have been associated with seeking care 
due to low-back pain both in cross-sectional and prospective studies (Shiri et al. 
2010a). Nonetheless, assessing the reasons for this increasing trend was beyond the 
aims of the study. 
In general, the increasing numbers of discharges from military service for medical 
reasons and the increasing frequency of visits to the garrison health care services over 
time may reflect inadequate physical capacity to meet the requirements of the Defence 
Forces. Interventions to address the problems of insufficient physical fitness to allow 
conscripts to cope with the military training have been initiated since the turn of the 
millennium. Conscripts have been divided into ability groups based on prior physical 
activity and Nordic walking sessions have been introduced instead of running. Re-
cently, even social media has been used to provide future conscripts with a safe and 
effective fitness programme during the 3 months preceding military service 
(http://www.marsmars.fi). The increasing trend of consultations seems to have sub-
sided during the last years of our study, which might reflect the beneficial impact of 
some of these preventive measures. The conscript service is also mentally demanding 
(new circumstances, spells of sleep deprivation, new responsibilities, being subordi-
nate) and it forces the conscripts to adapt to a new social environment (e.g. constantly 
being a member of a group, dormitory accommodation). Furthermore, it may not al-
ways be possible to take into consideration personal wishes regarding service location 
and length (The Finnish Defence Forces 2016). Visits due to mental problems were not 
nearly as frequent as those due to MSDs, but have increased markedly during our 
study period. The increase in health care utilization may be an indication of maladap-
tation to changes in daily routines. The proportion of Finnish men aged 15-24 feeling 
stressed doubled during 1978-2007 (Helakorpi et al. 2008). Indeed, poor coping has 
been associated with LBP in a cross-sectional study of Swedish conscripts (Leboeuf-
Yde et al. 2006). Moreover, poor ability to cope with stress predicted both leg pain and 
LBP among Danish conscripts after 3 months of service (Larsen and Leboeuf-Yde 
2006). It has also been postulated that young people have become more helpless when 
facing minor health problems, leading to increased care seeking (Haukilahti et al. 
2008). 
Seeking care may also serve as a temporary escape from less motivating activities 
which are traditionally part of military service. Some conscripts may exaggerate their 
health problems, believing it may help exclude them from duty temporarily or even 
permanently. On the other hand, very motivated men, e.g. those applying for reserve 
officer training, may try to minimize their problems and manage without any visits to 
healthcare. It is possible that individuals’ attitude towards care seeking might have 
changed. It has been argued that the societal acceptance of illness has increased e.g. 
LBP is no longer stigmatized as a reason for temporary or permanent reason causing 
work disability (Croft 2000, Palmer et al. 2000). Altered attitudes and behaviour 
might therefore be one cause behind the increased frequency of care seeking. 
Even though the proportion of young men being exempted from military service 
has remained reasonably stable, the proportion of those discontinuing their service 
due to health reasons has increased substantially (Appelqvist-Schmidlechner et al. 
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2010b, Parkkola 1999, Sahi and Korpela 2002). The most common reason for discon-
tinuing service has been mental disorders, but the proportion of men interrupting due 
to MSDs increased markedly towards the end of 20th century (Sahi and Korpela 2002). 
The interruption rate increased during the follow-up period, thus it is reasonable to 
conclude that the men who complete their service are healthier than before.  
6.3 METHODOLOGICAL CONSIDERATIONS 
The primary strengths of the present studies are that they have a longitudinal design, 
used weight-related data from several time points during the life course, accessing in-
formation on health behaviour, symptoms and disease at baseline, during military ser-
vice and at follow-up. In all studies in this thesis, the same random study population 
base of men aged 18-50 years was used and the records of military service in a forty 
year period from 1967 to 2006 were examined. The sample drawn for the Health 2000 
Study represents the Finnish adult population well because of the random two-stage 
clustering sampling and high participation rate. The Health 2000 Study provided 
comprehensive data on covariates and the predictors as well as both self-reported and 
physician-diagnosed outcomes. In addition, we had the opportunity to link the mili-
tary service data from 1967 to 1996 with register data on DR from 1968 to 2008.  
We were able to examine the associations of lifestyle and health-related factors dur-
ing military service with the outcomes covering a wide time span, providing a unique 
opportunity to examine time trends. Owing to the high representativeness of our sam-
ple and the high participation rate in the Health 2000 Study, the findings in studies II 
and III are generalizable to all men in Finland. Furthermore, the results of study IV on 
the associations of early health problems with DR could be generalized to countries 
with universal conscription and a comparable social security system. 
Military medical records could be obtained from the archives of the Finnish De-
fence Forces for almost all men in the sample. Therefore, we had detailed information 
on pre-service health and lifestyle as well as health care utilization during military ser-
vice for nearly the entire sample. Due to the obligatory nature of the military service, 
the medical records reliably record all visits to healthcare during service. While the 
records capture especially well those conscripts with severe or disabling musculoskel-
etal or mental problems, also relatively benign health problems may demand a visit to 
the healthcare unit, as possibilities for self-care and self-administered rest are limited. 
In studies II and III, both general and central obesity were based on measured an-
thropometrical data. In addition, we had information on height at age of 20 and weight 
for each age decennium. For weight at 20 years and for those who were (20), 30, 40 or 
50 at follow-up, we could compare validated self-reported and measured weight. Due 
to the fact that we had repeated data on weight, we could study the associations of early 
overweight/obesity, change in BMI and life course exposure to overweight with low 
back and knee outcomes. However, BMI is not an ideal measure of obesity, especially 
in men (Rothman 2008). At follow-up, we were able to use measures of both general 
and abdominal obesity. 
Our low back outcomes comprised both self-reported symptoms and physician-di-
agnosed entities, while the knee outcomes included both knee pain and self-assessed 
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functional limitations due to knee problems. Since we had access to data on knee in-
juries occurring during military service, this provided us with an opportunity to ex-
plore the interactive effects of obesity and knee injuries in early adulthood on the de-
velopment of knee pain and functional limitations later in life.  
Having both comprehensive military service health and DR register data made it 
possible to examine the association of objectively measured early health indicators and 
DR during 4 decades and compare different lengths of follow-up. The skewed distri-
bution of the number of healthcare visits during military service detected in study I 
and the diverse lengths of service time as well as the increasing frequency of visits with 
time were taken into account in the analysis. 
There are, however, some limitations to consider when interpreting the findings of 
this thesis. Since our study population was sampled in 2000 and only those alive and 
living in Finland at the time of sampling formed the study base, health-based selection 
may have attenuated some of the observed findings for the oldest persons in our pop-
ulation. Furthermore, for unknown reasons, many medical records for men born in 
1949 were not found, therefore men having served in the late 1960s were underrepre-
sented in the studies. This may have introduced a selection bias, likely diluting the 
observed associations. The limitations may have influenced the statistical power to de-
tect cause-specific associations for musculoskeletal diseases in the analyses of DR. 
Nonetheless, there was no selection bias regarding the outcomes of the studies.  
Although we could adjust for the length of military service, we could not take into 
account whether the type of training during military service confounded the care seek-
ing trends or the observed associations with knee outcomes and DR. Even though 
there were no major changes in the content of the military training during our study, 
the actual training has evolved. There may be modifications in training which influ-
ence care seeking. Moreover, the basic training period is the same for all conscripts, 
but thereafter the training changes moderately between the different branches of ser-
vice. There might also be changes in clinical practice in the military health care system, 
of which we were not aware. Nonetheless, the right to seek care did remain the same 
throughout the study (Sahi 2009). The information at the pre-military health exami-
nations and medical consultations were not originally written for scientific use and 
may therefore not be fully consistent. 
We were not able to study the associations of abdominal adiposity across the life 
course, as WC was measured only at follow-up. Although information of earlier weight 
was self-reported at follow-up, the validity of this information proved to be high. 
Owing to the small proportion of overweight or obese men at baseline, we were not 
able to study whether those individuals losing weight during the follow up would have 
a decreased risk of low back or knee symptoms at follow-up. Due to the study design, 
we were not also able to explore the timing of the onset of low back or knee pain. 
Our population was below 50 at follow-up, when many clinical outcomes are rare. 
Therefore no statistically significant associations were seen between weight-related 
measures and the clinically defined outcomes. Similarly, most men were too young at 
follow-up to enable us to detect an association between medical consultations and DR 
due to musculoskeletal diseases. Knee problems and injuries were identified prior to 
and during military service, but we have no information on possible knee injuries oc-
curring during the follow-up period. Moreover, functional limitations of the knee were 
6  Discussion 
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self-assessed and data were acquired with a single question. Furthermore, information 
on the intensity and/or chronicity of knee pain was lacking. Since knee pain is a major 
component of knee OA, it would have been interesting to study the relationship of 
weight-related measures across the life course with knee OA. However, due to the age 
of our population, physician-diagnosed knee OA was a rare condition (n=6) and thus 
we were not able to use it as an outcome.  
Our classification of physical activity prior to military service was rather crude and 
based on self-reported data, therefore the possibility of misclassification cannot be ex-
cluded. 
In general, it is unlikely that our study was affected by low statistical power, be-
cause the associations of medical consultations during military service with all-cause 
DR were all statistically significant. In addition, the analytical methods chosen are ap-
propriate for examining an infrequent event. Neither educational level nor the socio-
economic status of the parents were included in the DR analyses, since risk factors for 
health problems during childhood were outside the scope of the study. However, it is 
possible that residual confounding is present, as we had only limited data on potential 
confounders. 
As the study concerned time periods, when women did not perform military ser-
vice, all of the subjects were male. Therefore we could not explore gender differences. 
Furthermore, it was not our intention to study reasons for any changes in the trends 
to explain why conscripts seek out healthcare during their military service. 
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7 SUMMARY AND CONCLUSIONS 
1. The results show that over four decades there has been a notable increase in 
health care seeking due to any reason and due to musculoskeletal problems 
among conscripts in Finland. The majority of the care seeking was related to 
problems in the lower extremities. No specific reason for the steady increase 
in health care seeking could be detected. This may imply that the increase in 
healthcare utilization during military service may rather reflect general 
changes at the individual and societal level, than an actual decline in young 
men’s musculoskeletal health.  
 
2. The findings indicate that being overweight or obese in young adulthood as 
well as during the life course increases the risk of suffering radiating LBP and 
knee pain as well as limping or walking difficulties due to a knee problem later 
in life. Even being overweight in late adolescence is associated with a high 
likelihood of further weight gain and later knee problems. Overall, late adoles-
cence seems to be a critical life period, when weight status has a potential to 
predict future health problems.  
 
3. The results revealed that both types of obesity, general and abdominal, were 
similarly associated with radiating LBP and knee pain. Functional limitations 
of the knee were more strongly associated with general than abdominal obe-
sity.  
 
4. It was found that obesity doubled the risk of accidental knee injuries during 
military service that in turn led to functional limitations of the knee later in 
life. These findings provide support for the theory that the mechanical path-
ways play a role in the development of knee disability. 
 
5. The results indicate that health problems, in particular mental problems, in 
early adulthood are important predictors of DR. Comorbidity of musculoskele-
tal and mental problems in late adolescence was found to be especially detri-
mental for future work ability.  
 
 
8  Recommendations 
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8 RECOMMENDATIONS 
Adolescence and young adulthood seem to be a critical period for the development of 
adult musculoskeletal health among men. Preventing overweight in teenagers and 
young adults, and avoiding further weight gain during the life course may help prevent 
the future development of radiating LBP as well as knee pain and associated disability. 
Traumatic and over-exertion injuries of the lower extremities as well as the early iden-
tification of mental problems should remain a focus for preventive actions in military 
service. This information can be used to implement effective preventive interventions 
regarding weight management and injury prevention. More studies with a life course 
approach will be needed to investigate whether other crucial time windows can be 
found. In order to detect other critical time periods for preventive action, further re-
search should focus on collecting information regarding lifestyle factors and health 
during the entire life span. Risk indicators for both musculoskeletal and mental disa-
bility could be identified and preventive measures effectively targeted for complete age 
classes via the school healthcare system during adolescence and in occupational health 
services for young adults entering working life. 
Future research should investigate the impact of weight and musculoskeletal health 
throughout the life course on overall health and work ability after the age of 50 years. 
Moreover, the role of early lifestyle and health-related factors for musculoskeletal and 
mental health and disability retirement among females needs to be addressed. Finally, 
future research should elucidate risk factors for knee osteoarthritis from a life course 
perspective e.g. information on knee injuries occurring during different life stages. 
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